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' I iHIS book is intended for those who are beginning the subject. 
For this reason, special care has been taken to select for 
treatment ' such compounds as best serve to make clear the 
fundamental principles. General relations as illustrated by special 
cases are discussed rather more fully than is customary in books 
of the same size ; and, on the other hand, the number of com- 
pounds taken up is smaUer than usual. The author has endeav- 
ored to avoid dc^inatism, and to lead the student, through a 
careful study of the facts, to see for himself the reasons for 
adopting the prevalent views in regard to the structure of the 
compounds of carbon. Whenever a new formula is presented, 
the reasons for using it are given so tliat it may afterward be 
used intelligently. It is believed that the book is adapted to 
the needs of all students of chemistry, whether they intend 
to follow the pure science, or to deal with it in ite applica- 
tions to the aits, medicine, ete. It is difficult to see hov, 
without some such general introductory study, the technical 
chemist and the student of medicine can comprehend what is 
usually put before them under the heads of "Applied Organic 
Chemistry " and " Medical Chemistry." 

Without some direct contact with the compounds considered, 
it is difficult to get a clear idea regarding them and their 
changes. A course of properly selected experiments, illustrating 
tiie methods used in preparing the principal classes of com- 
pounds, and the fundamental reactions involved in their trans- 
formations, wonderfully facilitates the study. The attempt has 
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been made to give directionB for such a conrse. More than 
eighty experimenta which could be performed in luiy chemical 
laboratory are described j and it is hoped that the plan may 
meet with approvaL The time required to perform a fair pro- 
portion of these experiments is oot great; and the results in the 
direction of enlarging the student's knowledge of chemical phe- 
nomena, will, it is firmly believed, furnish a full compeusaitioti 
for the time spent. 

The order in which the topics are taken up will be found to 
differ somewhat from that commonly adopted. The object in view 
was, however, not to find a new method, but to find one which 
would bring out as clearly as possible the beauty and simplicity 
of the relations which exist between the different cUsses of car- 
bon compounds. The reasons for the method used are given in 
the body of the book. 
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OHEMISTET 

COMPOUNDS OF CARBON. 

CHAPTER I. 

INTRODUCTION. 

In studying the compounds of carbon, we cannot fail to 
be atruclc by tlieir lai^e number, and bj' tlic ease with which 
they undergo cliange when subjected to various influences. 
Mainly on account of the lai^e number, though partly on 
account of peculiarities in their chemical conduct, it is custom- 
ary to consider these compounds bj' theraeelves. At first, 
General Chemistry was divided into-'/non;a.wiC and Organic 
Chemiah-y, aa it was believed that tliere were fundamental 
differences between the compounds included under the two 
beads. Those componnds which form the mineral portion of 
the eartli were treated under tlic iirst head, while those which 
were found ready formed in tlie oi^ans of plants or animals 
were the subject of ot^anic chemistry. It was believed that, 
as the organic comixmnds are elaborated under the influence of 
the life process, there must be something about them wliicti 
distinguislies them from the inoi^anic compounds in whose for- 
mation the life process has no part. Gradually, however, this 
idea has Iwen abandoned; for, one by one, the compounds 
which are found in plants and animals have been made in tlie 
chemical laboratory, and without the aid of the life process. 
The first instance of the preparation of an oi^anic compound 
■ by an artificial method was that of urea. This substance 
was obtained hy Wohler in 1828 from ammonium cyanatc. 
When a water solution of the latter is allowed to evaporate, urea 
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is deposited. Up to the time of W6hler'8 discovery, the 
formation of urea, like that of other organic compounde, was 
thought to be intimately and neceseariiy connected with life ; 
but it was tJius shown that it conld be formed without the inter- 
vention of life. Afterward, it was shown that potassium 
cyanide can be made by passing nitrogen over a heated mixture 
of carbon and potaeaiiim carbonate ; and, as potassium cyauate 
can be made from the cyanide by oxidation, it follows that 
urea can be made from the elements. FinaUy, in 1856, Bertfae- 
lot succeeded in making potassium formate by passing carbon 
monoxide over heated potassium hydroxide ; and in making 
acetylene, a compound, tiie composition of which is represented 
by the formula C1H2, by passing electric sparks between elec- 
trodes of carbon in an atmosphere of hydrc^en. Since that 
time, every year haa witnessed the artificial preparation, by 
purely chemical means, of compounds of carbon which are found 
in the oi^ans of plants and animala. 

It hence appears tha,t^ the formation of the compounds of 
carbon is not dependent upon the life process ; that they are 
simply chemical compounda governed by the same laws that 
govern other chemical compounds ; and the name, Orgcmie 
Chemistry, signifying, as it does, that the compounds included 
under it are necessarily related to organisms, is misleading. 
Organic chemistry is nothing but the Ckemi^ry of the Com- 
pounds of Carbon. It is not a science independent of inoi^anic 
chemistry, but is just as much a part of chemistry as the chem- 
istry of the compounds of sodium, or of the compounds of 
silicon, etc. 

The name Chemistry of the Compounds of Carbon has been 
objected to as being too broad. Strictly speaking, this title 
includes the carbonates, and it is customary to treat of these 
widely distributed substances under the head of Inorganic 
Chemistry. Most books on Inoiganic Chemistry also deal with 
some of the simpler compounds of carbon, such as the oxides, 
cyanc^en, marsh gas, etc. 
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S0UECE8 OP COMPOUNDS. 3 

This objectioD is of weight only as far as the carbonates 
are concerned, and it does not appear strong enough to make 
the introduction of a new name necessary. Itsliould be men- 
tioned, however, that the name Chemistry of the Hydrocarbons 
and their Derivatives has recently been snggested. The exact 
significance of this name wilt appear when the compound with 
wliich we shall have to deal come up for consideration. 

Sources of compounda The componnda of carbon are, 

for the most part, made in the laboratory ; but in preparing 
them we usually start with a few fundamental compounds 
which are formed by natural processes, A lai^c number, such 
as the sugars, starch, cellulose, and the alkaloids, of which 
morphine, quinine, and nicotine are examples, occur ready 
formed in plants, but always mixed with other snliatances. 
Others, such as urea, uric acid, albnmiu, etc., occur in animal 
organisms. Petroleum, which has been formed in Nature by 
processes intimately connected with those which give rise to the 
formation of coal, contains a large number of compounds con- 
sisting of only carbon and hydrogen ; and these compounds 
serve as the starting-points in the preparation of a large number 
of derivatives. When coal is heated for the purpose of manu- 
facturing illuminating gas, a very complex mixture of liquid 
and solid products is obtained as a by-product, known aa coal 
tar. This substance yields some of the most valued compounds 
of carbon. A lai'ger numLwr of tlie compounds of carbon are 
obtained from this than ftom any other one source. When 
bones are heated in the manufacture of bone-black, an oil 
known as bone oU is obtained. Of late, this has proved to 
be the source of a lai^e number of interesting compounds. 
In the preparation of charcoal by heating wood, the liquid pro- 
ducts are sometimes condensed, and they form the source of 
several important compounds, among which may be mentioned 
wood spirits or methyl alcohol, acetone, and jpyroligneoua or 
acetic acid. 
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4 IHTEODUCTION. 

Finally, we are dependent upon the process known as fer- 
mentation for a number of the moat important compoundB of 
carbon. Fermentation, aa will be shown, is a general term, 
signifying any process in which a change in the composition of 
a body is effected by means of minute animal or vegetable 
organisms. The best known example of fermentation is that 
of sugar, which gives rise to the formation of ordinary alcohol. 
Alcohol in turn serves as the starting-point for the preparation 
of a laige number of compounds. 

Purification of the compounda. — Before the natural 
compounds of carbon can be studied chemically, they must, of 
course, be freed from foreign substances ; and before the con- 
stituents of the complex mixtures, petroleum, coal tar, and bone 
oil can be studied, they must be separated and purified. The 
processes of separation and purification are, in many cases, 
extremely difiQcult. If the substance is a solid, different 
methods may be used according to the nature of the substance. 
Ci-ystaiUzalion is more frequently made use of than any other 
process. This is well illustrated, on the large scale, in the 
refining of sugar, which consists, essentially, in dissolving the 
sugar in water, filtering through bone-black, which absorbs 
coloring matter, aud then evaporating down to crystallization. 
When two or more substances are found together, they may, in 
many cases, be separated by what is caWaA fraciional cryBtaJliza- 
tion. This consists in eva|>orating the solution until, on cool- 
ing, a comparatively small part of the substance is deposited. 
This deposit is filtered off, and the solution further evaporated ; 
when a second deposit is obtained, and so on to the end. The 
successive deposits thus obtained are then recrystallized, each 
separately, until, finally, the deposits are found to be homo- 
geneous. 

The chief solvents used are wafer, alcohol, ether, benzine, 
and bisulphide of carbon; alcohol being the most generally 
applicable. 
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PURIFICATION OF THE COMPOUNDS. 7 

from 98° to 100°. Now a clean distilling flask is taken, and 
into it introduced the first fraction. This is distilled until the 
thermometer marks the upper limit of the original first fraction, 
the new distillate being collected in tho flask which contained the 
firat fraction. When this upper limit is reached, the boiling is 
Stopped. It will be found that there is some of the liquid left 
iu the distilling fiask. That is to say, assuming that in the first 
distillation the first fraction was collected between 78° and 83°, 
on boiling ttiis fraction the second time it will not all come over 
between these points ; when 83° is reached some will be left in 
the flask. The second fraction is now poured into the distilling 
flask through a funnel tube, and the boiling is again started. 
Of the second fraction, a portion will pass over below the point 
at which it began to boil when first distilled. Collect in the 
proper flask, and continue the boiling until the thermometer 
marks the highest point of the fraction last introduced, changing 
the receiver whenever the indications of the thermometer require 
it. Now stop the boiling, and pour iu flraction No. 3, and so 
on until all the Abactions have been subjected to a second distil- 
lation. On examining the new fractions, it will be found that 
the liquid tends to accamnlate in the neighborhood of certain 
points corresponding to the boiling-pointa of the constituents of 
tlie mixture. The distilling flask is now cleaned, and the whole 
process repeated. A further separation is thus effected. By 
continuing the distillation in this way, pure substances may, in 
most cases, eventually be obtained. Tbat the fractions are 
pure may be known by the fact that the boiling-points remain 
constant. In some cases perfect separation cannot be effected 
by means of fractional distillation ; as, for example, in the 
case of alcohol and water. But still it is valuable, even in 
such cases, as it enables us to purify the substances, at least 
partially. 

The best examples of distillatioa carried on on the lai^e scale 
are those of alcohol and petroleum. Probably the best example 
of fractional distillation is that of the light oil obtmned from 
coal tar. 
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it I. Mis equal parts (about haU a litre of each) of alco- 
hol aDd water. Distil through four or five times, And noUce tbe 
changes in the qaantltles obtaiued in the different fractious. 

Determmation of the boiline^pomt In dealing with 

liquids, it often is extremely difficult to tell whether they are 
pure or not. The first and moat important physical property- 
which b utilized for this purpose is the boiling temperature, 
commonly called the boiling-point. This is determined by 
means of an apparatas, such as is described above as used for 
distilling. The temi>erature noted on the thermometer when 
the liquid is boiling is the boiling-point. When great accuracy 
is required, the point observed directly must be corrected, in 
consequence of the expansion of the glass and the cooling of 
that part of the column of mercury which is not in the vapor. 
Full directions for jnaking these corrections may be found in 
larger books. A constant boilmg-point is characteristic of a 
pure chemical compound. 

Determination of the melting-point. — Just as the boil- 
ing-point is a very characteristic property of liquid bodies, so 
the melting-point is an equally characteristic property of many 
solid bodies. If a substance begins to melt at a certain tem- 
perature, and does not melt completely at that temperature, it 
is, in all probabihty, impure. By means of the melting-point 
niinute quantities of impurities, which might readily escape 
detection by other means, are often found. In dealing with tbe 
(Compounds of carbon, determinations of melting-points are very 
■frequently made. In general, only those compounds which have 
constant melting-points are to be regarded as pure. The deter- 
mination is made as follows : Small tnbes are prct>ared by 
heating a piece of ordinary soft glass tubing of 4°°" to 5"™ 
diameter, and drawing it out. If the parts are drawn apart 
about 12™ to 15"", two small tubes may be made from the 
narrowed portion by melting together in the middle, and then 
;filing off each piece where it begins to gi-ow wider near the 
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DETERMINATION OP THE MELTING-POINT. 



lai^e tut)e. These Bniall tubes must have tbin walls, and be 
of Buch internal diameter that an ordinary pin can be inti-o- 
dueed into them. A small quantity of the eubstance to be 
tested is placed in one of the tubes, enough to make a minute 
column of about 5°™ in height. The tube coDtainiug the 
enbatancc is fastened to a thermometer by means of a small 
rubber band cut from a piece of rubber tubing. The band is 
placed near the upper part of the tnbe, and the lower part of 
the tube, containing the substance, is placed against the bulb 
of tbe thermometer. Now a beaker glass of about 100" 
capacity is filled with pure paraffln, and the latter melted. 
When it is in liquid condition, the thermometer, with the tube 
and substance, is introduced 
into it, and the heating con- 
tinued with the aid of a 
small flame nntil the sub- 
stance mel(«. The instant it 
melta the temperature indi- 
cated by the thermometer 
is noted. This is the meft- 
ing-point required. It is 
necessary, however, to cor- 
rect the observed point in 
tbe same way as in the case 
of the boiling-point. Some- 
times, instead of paraffln, 
concentrated sulphuric acid 
is used in the bath ; but, for 

obvious reasons, the paraf- 

fin is to be preferred. For •■■^^^^^^^^^^^^^■^^^ 
substances which melt below 

80°, the temperature at which ordinary paraffln ia liquid, 
water should be used. 

Experiment 2. Determine the meltlng-potuts of a few substances, 
such 09 urea and tnrtatic acid. If they do not melt at definite points, 
recrystallize them until tliey do. Note the meltlng-pointa observed. 
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and see how well they agrea with those stoted In the book. The 
arrangeraeut of the apparatus above described Is shown In Fig. 3. To 
secure a uniform temperature of the bath, It should be gently stirred 
with a glass rod during the experiment. The mercury of the thei^ 
mometer shoold rise slowly. 

Analysis. — Having pnriflei:! the compoaii<ls, the next step 
is to determine their composition. A comparatirely small nnm- 
ber of the eompounda ordinarilj' met with consist of carbon and 
hydrogen only ; the lai-gest number consist of these two elements 
together with oxygen ; many contain carbon, hydrogen, oxygen, 
and nitrogen. But, in the derivatives of the fundamental com- 
pounds, all other elements may occur. Thus the hydrogen may 
be partly or wholly displaced by chlorine, bromine, or iodine, as 
in the so-oaUed substitution-products ; and any metal may occur 
in the salts of the acide of carbon. The estimation of carbon 
and hydrogen is the principal problem iu the analysis of the 
compounds of carbon. This is effected by what is known aa 
the combustion process. A known weight of the substance is 
completely oxidized, the carbon being tbns converted into car- 
bon dioxide, and the hydrogen into water. These two products 
are collected, the carbon dioxide in a solution of potassium 
hydroxide, the water in calcium chloride, and weighed. From 
the weights of the products the weights of carbon and hydrogen 
arc calculated. Oxygen, if present, is not estimated directly, 
but by difference, i.e., the amounts of carbon and hydrt^en found 
are added tt^ether, and the sum subtracted from the weight of 
the original substance. The dJRerence represents the weight 
of the oxygen. 

A detailed description of the apparatus and of the method of 
procedure need not be given here, as it can be found iu any 
boot on analytical chemistry. A brief description, however, 
may not be out of place. The combustion is effected in a hard 
glass tube which is heated by means of a gaa furnace con- 
structed for the pnrpose. Ordinarily, the substance is placed 
in a narrow porcelain or platinum vessel, called a boat, which is 
introduced into the tube with granulated copper oxide. The 
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tube is then connected with (1) a u-tube filled with calcium 
chloride ; (2) a set of bulbs contaiuiDg a solution of potassium 
hydroxide, and constructed so as to secure thorough contact of 
the passing gases with the solution ; and (3) a small u-tube 
filled with solid potassium hydroxide. After the combustion is 
completed, a current of pure dry oxygen is passed through the 
tube ; and, finally, air is passed until the ox;;'geu is displaced. 
The method at present used was introduced by Liebig. It 
has contributed veiy greatly to a thorough underetandiug of 
the compounds of carbon. 

Two methods are in common use for the estimation of nitrc^en 
in carbon compounds. The flrat is known aa the absolute method. 
This consists in oxidizing the substance by means of copper 
oxide ; then decomposing, by means of highly-heated metallic 
copper, any oxides of nitrogen which may have been formed, 
and collecting the nitrt^en. The volume of the nitrogen thus 
obtained is measured, and its weight easily calculated. The 
chief diflBculty in this method consists in removing the gases 
contained in the apparatus before the combustion is made. To 
do this, the simplest way is to use a mercury air-pump. Several 
simple forms of the pump have been devised for this purpose, 
and some of iJiem work admirably. Having exhausted all the 
air, the combustion is made by heating the tube containing the 
substance and copper oxide and a layer of copper foil; and, 
finally, the gases are exhausted at the end of the operation. 
The only three gasea which can be present, assuming that the 
substance contained nothing but carbon, hydrogen, oxygen, and 
nitr(^eo, are carbon dioxide, water vapor, and free nitrogen. 
The water vapor is, of course, condensed, and the carbon dioxide 
is absorbed by passing the gases through a solution of potassium 
hydroxide, leaving the nitrogen thus alone. 

Tlie second method for the estimation of nitrogen consists in 
heating the substance with a mixture of sodium hydroxide and 
quicklime, called aoda-lime. The nitrogen is thus converted 
into ammonia, which is collected in a known quantity of dilute 
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hydrochloric or sulphuric acid. After the operation, the amount 
of acid remaituDg unneutralized ia determined by titration ; and 
from thia the amount of ammonia formed can be calcolated ; 
and from this, in tni-o, the amount of nitrc^en. This method 
is not applicable to all compounds, because the nitrc^en of aome 
compounds is not converted into ammonia under the circuni' 
stances meniioneii. 

As regards the estimation of other constituents of oarbon 
compounds, it need only be said that in most cases it ia neces- 
sary to get rid of the cai-bon and hydrogen by some oxidizing 
process before the estimation can be made. Thus, in estimating 
sulphur, it is common to fuse the substance with potaasium 
nitrate and hydroxide, when the carbon- and hydrogen are 
oxidized, and the sulphur is left in the form of potassium sul- 
phate, and may be estimated in the usual way. 

Formula — The dedaction of the formula of a compound 

from the results of the analysis involves two steps. The first 
is a matter of simple calculation. It is assumed that the 
students who use this book are already familiar with the method 
of calculating the formula from the analytical results ; but an 
example will, nevertheless, be given. Suppose that the analysis 
has shown that the substance contains 52.18 per cent carbon, 
13.04 per cent hydrogen, and 34.78 per cent oxygen. To get 
the atomic proportions, divide the figm-es representing the per- 
centages of the elements by the corresponding atomic weights. 
We have thus : — 

P" i, vet ProporUoiMla 

C 52.18 -f- 12 = 4.35 - 2 
H 13.04 -t- 1 = 13.04 - 6 
O 34.78 ^- 16 = 2.17 - 1 

That ia to say, accepting the atomic weights, 12 for carbon and 
IG for oxygen, the simplest figures representing the number of 
atoms of the three elements in the coini>ound are 2 for carbon, 
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6 for' hydrogen, and 1 for oxygen. According to this, the 
Bimplest formula wliich can be aseigned to a substance giving 
the above results on analysis is CjIIbO. But the formula 
CfH^Os is equally iu accordance with the analytical results, and 
we can only decide between the two by determining the molecular 
weigJU. This, as is known, is done by determining the specific 
gravity of the substance in the foi-m of vapor. This operation 
is of the greatest importance. It is assumed that the student, 
who has already studied the elements of inoi^anic chemistry, is 
familiar with it, and with the exact connection which exists 
between it and the molecular weights of compounds. A few 
statements in regard to the connection will, however, be made 
here, in order to recall ita chief points, and to impress upon the 
mind of the student its fundamentat importance. 

Every chemical formula is intended to represent the molecule 
of a componnd and the composition of the molecule. Our 
conception of the molecule is based almost exclusively on 
Avogadro's hypothesis, according to which equal volumes of all 
gases contain the same number of molecules. Hence, by com- 
paring equal volumes of bodies in the form of gas or vapor, we 
get figures which bear to each other the same relations as the 
weights of the molecules. The figures called the apecific gravi- 
ties express the relations between the weights of equal volumes. 
In tbc case of gases, air is taken as the standard, and the 
weights of other gasea are compared with this standard. Thus, if 
we say that the specific gravity of a gas is 0.918, we mean that 
if we call the weight of any volume of air 1, that of the same 
volume of the other gas measured under the same conditions of 
temperature and pressure is 0.918. If we assign to any com- 
pound a certain molecular weight, the molecular weights of other 
gaseous compounds can be determined without difficulty. We 
must, tiierefore, first select some substance, the molecule of 
which may be used as the standard. Hydrochloric acid is 
commonly taken, because hydrogen and chlorine unite with 
each other in only one proportion, and there is good evidence 
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in favor of the view that it represents the simplest kind of 
combination, viz., that of one atom of one element with one of 
another. Hydrogen and chlorine are present in the compound 
in the proportion of 1 part of hydn^n to 35.4 parts of chlorine ; 
hence the simplest molecular weight which can be assigned to 
the compound, tbe atomic weight of hydrogen being 1, is 36.4. 
I'he molecular weight of this standard molecule is, therefore, 
taken to be 36.4, and we have now simply to compare the 
weights of other gases with that of hydrochloric acid in order 
to know their moleonlar weights. Thus, to illustrate by means 
of the body whose atomic relations we found by analysis to be 
represented by the formulas CJifO, C,HuOi, etc., if this body 
be converted into vapor and its specific gravity deteiintned, it 
might be found to be 1.6. The relation between the molecular 
weight of any body and its specific gravity is expressed by the 
equation 

M= dx 28.88, 

in which M is the molecular weight, and d the specific gravity 
of the substance in the form of gas or vapor. As d is 1.6 in 
the case under consideration, we have 

Jf (the unknown molecular weight) = 1.6 X 28.88 = 46.2. 

If the formula of the compound is CiHgO, the molecular weight, 
being the sum of the weights of the constituent atoms, is 

2 X 12 + 6 X 1 + 16 = 46, 
which agrees with the figure deduced from the specific gravity. 
It therefore follows that the fonnula CiHjO is correct. 

There are some other methods which may be used in deter- 
mining the molecular weight of a compound. Among these 
may be mentioned the analysis of salts. To illnstrate this, 
take the case of acetic acid. Analysis shows us that it mnst be 
represented by one of the formulas CHjO, CaHA) CjHsOj, etc. 
If we make the silver salt, we find that its analysis leads us to 
the formula CjHsOjAg, and not CHOAg, and we hence conclude 
that the molecular formula of acetic acid is CjHjOj. 

CoooAc 
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The methoda for determining the specific gravity of vapors 
are assumed to have bscn described in the course in inorganic 
chemiBtiy, wliich the studeot should have followed before begin- 
ning the study of the comiwunds of carbon. 

Structural formula. —The formulas CaH.O, CjH^Oj, C.Hg, 
etc., tell us simply the composition of the three bodies repre- 
sented, and tell us also the relative weights of their molecules. 
In studying the chemical comluct of these bodies, their deeom- 
position, and the modes of preparing them, we become familiar 
with many facts which it is desirable to represent by means of 
the formulas. Thus, for example, but one of the four parts of 
hydrt^en represented in the formula of acetic acid, CjH.Oj, can 
be replaced by metals. It plainly difEera from the three remain- 
ing parts, and it is natural to conclude tiiat it is held in the 
molecule in some way differently from the other three. We may, 
therefore, write the formula C^HjOi.H, which is intended to call 
atteution to the difference. By further study of acetic acid, we 
find that that particular hydr<^en, which gives to it its acid 
properties, and which, in the above formula, is written by itself, 
is intimately associated with oxygen. It may be removed with 
oxygen by very simple reactions, and the place' of both taken 
by one atom of some other element ; as, for example, chlorine. 
Thus, when acetic acid is treated with phosphorus trichloride, 
PCla, It is converted iuto acetyl chloride, CjHjOCl, according to 
this equation : — 

3 C,H,Oj + PCI, = 3 CiHjOCl + POaH,. 
The result of the action is the direct replacement of one atom 
of bydn^en and one atom of oxygen in acetic acid by one atom 
of chlorine, a fact which certainly points to an intimate connec- 
tion between the hj-drogen and oxygen in the acid. Further, 
when acetyl chloride is brought in contact with water, acetic 
acid is regenerated, hydrogen and oxygen from the water enter- 
ing into the place occupied by the chlorine, as represented in 
this equation : — 

CjHsOCl + HaO = C,HA + HCl. 
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From facts of thia kind tbe conclusion is drawn that in acetic 
acid hydrt^n and oxygen are connected; or, aa it is said, Unlced 
together; aud tbis conclusion is represented in chemical lan- 
guage by tlie formula C^HgO-OH, which may serve as a simple 
illustration of what are called strvclural or conatilutionai for- 
mulae. In oil compounds the attempt la made, by means of a 
thorough study of their chemical conduct, to trace out the 
connertiions existing between the constituent atoms. When 
this can be done for all the atoms contained in a molecule, the 
atrvcture or constitution of the molecule or of the compound is 
said to be determined. The structural formulas which have 
been determined by proper methods have proved of much value 
in dealing with chemical reactions, as they enable the chemist 
who understar^ the langai^e in which they are written to see 
relations which might easily escape bis attention without their 
aid. In order to understand tliem, however, the stu4eiit must 
have a knowledge of the reactions upon which they are based ; 
and he is warned not to accept anj- ctiemical formula unless he 
can see the reasons for accepting it. He should accustom him- 
self to ask the question, vpon what facts Is it based'} whenever 
a formula is presented for the flrat time. If be does this con- 
scientiously he will soon be able to use the language intelli- 
gently, aud the beauty of the relations which exist between the 
lai^e number of compounds of carbon will be revealed to him. 
If he does not, his mind will soon be in a hopeless muddle, 
and what be learns will be of little value to him. For the 
beginner, this piece of advice is of vital importance : Study 
with great care the reactions of compounds ; study the methods of 
making them, and the decompoaiiiona which they undergo. The 
formulas are but the condensed expressiojis of tite condastont 
which are drawn from the reactions. 

General principle of cl&ssifloation of the compounds 
of carbon. — In considering the elements and compounds in- 
cluded under the head of Inorganic Chemistry, the fundamental 
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substaDcea are, of course, the elementrfi The propertieB of the 
elements enable us to separale them, for study, into a number 
of groups ; as, for example, the chlorine group, including 
bromine, iodine, and fluorine; the oxygen group, iu which 
are included sulphur, selenium, and tellurium. To recall the 
method generally adopted, we may take the chlorine group. 
In studying the members of this group, there is found greal 
similarity in their properties. Their hydrogen compounds nex' 
present themselves, and here the same similarity is met with. 
Then, iu turn, the oxygen and tiie ozj'gen and hydrogen com- 
pounds are considered, and again the resemblances in properties 
between the cori-esponding compounds of chlorine, bromine, and 
iodine are met with. We thus have groups of elements, and 
of the derivatives of tloese elements ; as, — 

CI CIH ClOjH 

Br BrH BrOaH 

I IH IO»H, etc. 

Of course, the chlorine group is quite distinct from the oxygen 
group and from all other groups ; and each member of the 
chlorine group is, at least so far as we know, quite independent 
of the other members. We cannot make a bromine compound 
from a chlorine compound, or a chlorine compound from a 
bromine compound without dii-ectly replacing the one element 
by the otiicr. 

Now, when we come to study tiie compounds of carbon, we 
shall find that the same general principle of clasaiflcation is 
made use of ; only, in consequence of the peculiarities of the 
compounds, the system can be carried out much more perfectly ; 
the members of the same group can be transformed one into 
the other, and it is also in our power to pass ftom one group to 
another by means of comparativeiy simple reactions. 

The simplest compounds of carbon are those which contain 
only hydrogen and carbon, or the hydroearbons. All the other 
compounds may be regarded as derivatives of the hydrocarbons. 
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To begin with, there aA several groaps or series of hydrocar- 
bona, which correspond somewhat to the different groups of 
elementa. The members of one and the same series of hydro- 
carbons resemble each other more closely than the members of 
one and the same series of elements. Although we have indica- 
tions of the existence of more than ten series of these hydrocar- 
bons, only three or four of the series are at all well known, and 
of these, but two include more than two or three members which 
will need to be considered iu this book. 

Starting with any series of hydrocarbons, several classes of 
derivatives may be obtained by treating the fundamental com- 
pounds with different reagents. The chief classes of these 
derivatives arc: (1) those containing halogens; (2) those con- 
taining oxygen, among which arc the acids, alcohols, ethers, etc. ; 
(3) those containing sulphur ; and (4) those containing nitro- 
gen. Corresponding to cverj' hydrocarbon, then, we may expect 
to find representatives of these different classes of derivatives. 
But the relations existing between any hydrocarbon and its 
derivatives are the same as those existing between any other 
hydrocarbon and its derivatives. Hence, if we know what 
derivatives one hydrocarbon can yield, we know what deriva- 
tives we may expect to find in the case of every other hydro- 
carbon. The student who, for the flrst lime, undertakes the 
study of carbon chemistry, is very apt to feel overwhelmed by 
the enormous number of compoonds described in the book or by 
the lecturer. This large number is really not a serious matter- 
No one is expected to become acquainted with every compound. 
A great many of these need only be referred to for the purpose 
of indicating the extent to which tbe series to which they belong 
have been developed. In general, the members of any series 
so closely resemble one another, that, if we understand the 
simpler. members, we have a fair knowledge of the more com- 
plicated members. 

It is proposed, in this treatise, to consider only the more 
important compounds apd tbe more important reactions, the 
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object being rather to give a clear, general notion of the subject, 
than detailed information regarding particular compounds. 
Should the student desire more specific information CODcerning 
the properties of any of the compounds inentioued, be can 
. easily find it iu some lai-ger book. It vill, however, hardly 
be profitable for him, at the outset, to burden his mind with 
details. He may thereby sacrifice the general view, which it 
'is so important that he should gain as quickly as possible. 

The plan which will be followed is briefly this : Of the first 
series of hydrocarbons (too members will be considered. Then 
the derivatives of these two will be taken up. These deriva- 
tives will serve admirably as representatives of the correspond- 
ing derivatives of other hydrocarbons of the same series, and of 
other series. Their characteristics, and their relations to the 
hydrocarbons will be dwelt upon, as well as their relations to 
each other. Thus, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of the compounds of carbon. After these 
tj-pical derivatives have been considered, the entire series of 
hydrocarbons will be taken up briefly, only such facts being 
dealt with at all fuUy as are not itluatrated by the first two 
members. 

After the first series has been studied in this way, and a clear 
idea of tlie relations between the varions classes has been 
obtained, a second series will be taken up and treated in a 
similar way, and so on. But, as already stated, but few of 
the series require very much attention at the beginning. The 
first series which will be used for the purpose of illustrating the 
general principles is one of the two most important series, and 
of the only two tliat need be considered at all fully at present. 
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METHANE AND ETHANE. — HOMOLOGOUS 



If we were to study all the hydrocarbons known, and were 
then to arrange them in groups according to their propertiee, 
we would find that a large number of them resemble marsh gas 
in their general conduct. Some of the points of resemblance 
are these r They are very stable, resisting with marked power 
the action of most reagents ; and nothing can be added to them 
dirccfly, — if any change takes place in them, hydrogen is first 
given up. On arrangiiig these substances according to the 
number of carbon atoms contained in them, we have a remark- 
able series, the first six members of which, together with their 
formulas, are included in the subjoined table : — 

Methane (or Marsh Gas) CH^. 

Ethane C,Ho. 

Propane CjH,. 

Butane C^Hm. 

Pentane C^u- 

Hexane CeH,4. 

On examining tlie formulas given, we see that the diflference in 
composition between any two consecutive members is represented 
by CHj. Thus, adding the factor CHj to marsh gas, CH,, we 
get ethane, CjH, ; adding s^ain this same factor, we get CaHg, 
and so on, in each successive step. Any sericB of this kind, in' 
which the successive members increase in complexity by the 
factor CHj, is called a homologous series. 
Just aa the members of a homologous series of hydrocarbons 
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differ from each other by the factor CHj, or some multiple of it, 
BO also the members of any class of derivfttives of these hydro- 
carbons differ from each other in the same way, and form 
homolc^ous series. Thus, running parallel to the hydrocarbons 
mentioned above, we have two homologous aeries of oxygen 
derivataveB, as indicated below ; — 

CH. - CH,0 - CHjO,- 
CJI, - C^gO - C^,0,- 
CjHa - C,HgO - CJIA. 
C,Hh, - CjHittO - C4HsO,- 
CJSu - CjHijO - CJI,A. 
C^„ - C^uO - C.JIuO,. 

The relation observed between the members of the homologous 
series mentioned is by no means a peculiarity of the marsh gas 
series of hydrocarbons and of their derivatives, but is observed 
in connection with all other series of hydrocarbons and their 
derivatives. 

Strictly speaking, there is perhaps no analt^ for this re- 
markable fact among the elements and their compounds, yet 
facts which suggest aDal<^y are known. Consider, for example, 
the chlorine series. We have 

Chlorine, with the atomic weight, 35.4 
Bromine, " " " 80. 

Iodine, " " " 127. 

As is well knovn, the difference between the atomic weights of 
chlorine and bromine is approximately equal to the difference 
between those of bromine and iodine. In other words, there is 
a regular increase in complexity as we pass from chlorine to 
iodine. Or, at least, there is a regular increase in the atomic 
weights of these simUar elements, just as there is a regular 
increase in the molecular weights of the similar members of a 
homolt^ous series. While, however, a satisfactory hypothesis 
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has been offered to account for the latter fact, and experi- 
mental evideDce is atrongly in favor of the hypothesis, no satie- 
fiictor; explanation of the former has been offered ; or rather 
no satisfactory experimental evidence has been furnished in 
favor of the various hypotheses which from time to time have 
been put forward to account for the similarity between members 
of the same group of elements. 

The view at present held in regard to the nature of homolc^y 
is founded, primarily, upon the idea that carbon is quadrivalent. 
If carlKin is quadrivalent, it will readily be seen that the com- 
pound, marsh gas, CH,, is saturated ; that is, the molecule 
cannot talte up anything without losing hydrogen. In order, 
therefore, that we may get a compound containing two atoms 
of carbon in the molecule, some of the hydrogen must first be 
given up. With our present views, we cannot conceive of union 
taking place directly between the molecules CH, and CH<, but 
we can conceive of union taking place between the molecules 
CH, and CH^, to form a molecule C^He, which in turn ia satu- 
rated. Bepresentiug graphically what is believed to take 
place, we have, first, marsh gas, which we may represent thus, 
H 

H — C — H. If this loses one atom of hydrogen, we have the 

I H 

B I 

unsaturated molecule E — C— , which is capable of uniting with 

H 
another molecule of the same kind to form the more complex 
H H 

molecule H-C-C-H, or C,Hb, which is believed to express 

H H 
the relation existing between marsh gas, CHi, and ethane, C,Ho, 
or between any two adjoining members of a homologous series. 
The evidence in favor of this view will be presented when the 
reactions are considered by means of which the hydrocar- 
bons are toade. The explanation offered, and now generally 
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accepted, involves the idea that carbon atoms have the power 
of uniting with each other. And, as the explanation for the 
relation between the first and second members is, in principle, 
the same as for the relation iietween the second and third, the 
third and fourth, etc. , it follows that this power of carbon atoms 
to unite with each other is verv extensive. It is to the power 
which carbon possesses of forming homologous series, or to the 
power of the atoms of carbon to unite with each other, that we 
owe the lai^e number of compounds of this element. 

Methane (marBh eras, fire damp), GH(. — This hydro- 
carbon is found rising from pools of stagnant water in marshy 
districts. If a l>ottle be filled with water and inverted with a 
funnel in its neck in such a pool, some of the gas may be col- 
lected by holdii^ the funnel over the bubbles rising from the 
bottom. It is also found in large quantities mixed with air, in 
coal mines, and sometimes issues from the earth, iu company 
with other gases, in the neighborhood of petroleum wells. 

It may be prepared by passing a mixture of carbon bisulphide 
and hydrogen sulphide or water vapor over ignited metals, as 
indicated in the following equations : — 

CS, -H 2 H^ + 8 Cu = CHi + 4 Cu^, 
and CS, + 2 H^ + 6 Cu = CH^ -|- 2 CujS + 2 CnO. 
These methods ai-e of special interest for the reason that they 
indicate the possibility of making marsh gas from the elements ; 
carbon bisulphide, hydrogen sulphide, and water all being made 
readily from the elements. 

It is formed, as its occurrence in marshes indicates, by the 
decomposition of organic matter under water. In pure con- 
dition it is made most readily by mixing 2 parts sodium acetate, 
2 parts potassium hydroxide, and 3 parts quicklime, and heat- 
ing the mixture. Writing sodium instead of potassium hydrox- 
ide, the action which takes place is represented thus : — 
HaCiHjO, + NaOH = CH4 + NssCO,. 



D,gn,-.rihyGOO^Ie 



24 MBTHAKE AND ETTHAKE. 

It will be shown hereafter tliat most acida of carbon break ap 
ia a similar way, jieldiog a hydrocarbon and a carbonate. 

Properties. Marsh gaa is colorless and inodorous. It is 
slightly solnble in water, but not *> mnch bo as to prevent its 
collection over water. It bums. Its Eoixture with air is explo- 
sive. It is this mixture which is the cause of the explosioDS 
which so frequently take place in coal mines. 

Experiment 3. Make mareh gas from sodium acetate. Collect 
over water. Bum some as it escapes from a jet. Mix a llttlo with, 
seven to elgbt times Its volume of air Id a wide-mouthed cylinder of 
not more than ISO to 200°° capacitf . Explode by applying a lighted 

Keagents, in general, do not act readily upon marsh gaa. 
Chlorine in diffused daylight gradually replaces the hydrogen, 
forming a series of compounds which will be considered under 
the head of the bal<^en derivatives of methane. The simplest 
of them has the composition represented by the formula CHjCl, 
and is known as chlor-melhane or methyl chloride. 

Hthane, CjHa. — Ethane rises from the earth from some of 
the gas wells in the regions in which petroleum occurs. It is 
also foimd dissolved in crude petroleum. 

It can be made from methane by introducing a halogen and 
making a compound like chlor-methane, CHaCl. As the corre- 
sponding iodine derivative is less volatile, it is used. This iodo- 
methane, GH^I, is treated with zinc or sodium in some neutral 
medium, ns, for example, anhydrous ether. The reaction which 
takes place is represented thus ; — 

CHjI + CH,I + 2 Na = C,H. + 2 Nal. 
This method of building up more complex from simpler hydro- 
carbons has been used extensively ; and it is well calculated 
to show the relations between the substances formed and the 
simpler ones from which they are made. 

An operation of t^e kind involved in the above-mentioned 
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preparatioD of etliane ia called a syntheaia. The eeaentlal feature 
of the syntheeie is the formation of a more complex body from 
simpler ones. Our knowledge of the structure of the compounds 
of carbon is largely dependent upon the uee of various methods 
of syntheBis. For example, in the ease under consideration, the 
synthesis gives us at once a clear view of the relations between 
etliane and methane, and also suggests that bomolog}' may be 
due to similar relations between the successive members of the 
series, — a view which is fully confirmed by the synthetical prep- 
aration of tlie higher members. A similar methofl of synthesis 
has been used in the preparation of tetrathionic acid from 
sodium thiosulpbate. The action is represented thus i — 

Na^AKi,^N«S.0.> + 2S.I. 
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CHAPTER- III. 

HALOGEN DERIVATIVES OF WBTTTAKTil 
AND ETHANE). 

Substitution. — When methaDe and chlorine are brought 
together in difToBed daylight, action takes place gradually; 
hydrochloric acid gas is given off, and one or more products 
are obtained, according to the length of time the action con- 
tinues. The products have been studied carefully, and four 
have been isolated. The composition of these products is repre- 
sented by the formubis CHaCl, CHjClj, CHClj, and CCI,. We 
see thus that tbe action of chlorine consists in replacing, step 
by step, the hydrogen of the hydrocarbon. The actjon is repre- 
sented by the four equations : — 

(1) CH, + Clj = CU^Cl + HCI 

(2) CHjCl + Clj = CH,C1, + HCI 

(3) CHjCl, + CI, = CHCI3 + HCI 

(4) CHOI, + 01, = CCl, + HCI. 

This raplacement of hydrc^en by chlorine is an example of 
what is known aa substitution- We shall find that most hydro- 
carbons are very susceptible to the influence of the halogens 
and a number of other reagents, such as nitric acid, sulphuric 
acid, etc., and that thus a large number of derivatives may be 
made, differing from the hydrocarbons in that they contain one 
or more halc^en atoms or complex groups in the plqce of the 
same number of hydrogen atoms. It must be borne in mind 
that tbe mere fact that chlorine, in acting upon marsh gas, 
replaces an equivalent quantity of hydrogen, does not prove that 
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the chlorine in the product occupies ttie same place that the 
replaced hydrogen did. Nevertheless, a careful study of all 
Ijte facts regarding the products thus formed has led to the 
belief that the subBtituting atom or residue does occupy the 
same place, or bear the same relation to the carbon atom as 
the hydrogen did. 

The name substitution-produt^a properly includes all products 
made from the hydrocarlxins, or from other carbon compounds, 
by the Bubstitntion process. The principal ones are those 
formed by the action of the halogens, or the halogen subalUvtion- 
products; those formed by the action of nitric acid, or the nitro- 
8ubstiliUion-prodiicts ; and those formed by tlie action of sulphuric 
acid, or the avlphonic acids. The last are, however, not com- 
monly spolcen of as substitution-products. 

Chlor-methane, methyl chloride, CHjCl. 

Brom-tnethane, methyl bromide, CHjBr. 

lodo-methane, methyl iodide, GH,I. 

The chlorine and bromine products can be made by treating 
methane with the corresponding element. They can be most 
easily made by treating methyl alcohol with the corresponding 
hydrc^en acids : — 

CH,0 + HCl = CH,Cl + H2O. 

UeUiyl alcohol. Chlor-DieUiuiB. 

Di-iodo-methane, methylene iodide, GH,!,. — This sub- 
stance is the principal halogen derivative of methane containing 
two halogen atoms. It is made from iodoform or tri-iodo- 
methane, CHI3, by treating with bydriodic acid, which latter 
acts simply as a reducing i^ent : — 

CHI, + Hj = CH,I, + IH. 
As will be seen, this is a case of reverse substitution; in other 
words, the action is the opposite of that described above as 
substitution. Metliylene iodide is a liquid which boils at 180°, 
and has the specific gravity 3.S42. 
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CbloToform, CHGl]. ^ The best known and most exten- 
Bromoform, CHB,. V sively used of tiiese three derivatives 
Iodoform, GHIj. J ie chloroform or tri-chlor-methane. It 
ie made bj' treaWg ordinary alcohol with " bleaching powder." 
Tfae action is deep-seated, involving at least tlirce different 
stipes. It will be referred to more fully under the bead of 
chloral (which see). Chloroform is a heavy liqnid of specific 
gravity 1.526. It has an ethereal odor, and a somewhat sweet 
taste. It is Bcai'cely soluble in water.- It boils at 62°. It is 
one of the most valuable auteHtliet4CB, though there is some 
danger attending its use. 

Experiment 4. Mix 430* good bleaching powder aod I] litres water 

In A good sized flask. Add 100« alcohol (88 to 89 per cent), and 100* 
quicklime, and dIMIl to a water bath, A mixture of alcohol, wat«r, 
and chloroform collects in the receiver. Add milk of lime and calcium 
chloride. Bemove the chloroform by means of a pipette. 

Iodoform, which is used quite extensively in surgery, is made 
by bringing together alcohol, an alkali, and iodine. It is a 
solid substance, soluble in alcohol and ether, bat insoluble in 
water. It crjstallizes in delicate, six-sided, yellow plates. 
Melting-point, 119°. 

Experiment 5. Dissolve 20« crystallized nodliim carbonate In 100* 
water. Pour lOK alcohol Into the solution, and, after heating to 60° to 
80'', add gradually 10^ Iodine. The iodoform separates from the solu- 

Tetra-ctUor-methane, CClj, is made bj' treating carbon bisul- 
phide with chlorine, and by treating chloroform with iodine 
chloride, ICl. 

Equivalence of the hydrogen aioms in methane. Having thus 
seen that the hydrogen atoms of methane can easily be replaced, 
an interesting question suggests itself as to whether these hydro- 
gen atoms all bear the same relation to the carbon atom. We 
accept the conclusion that the carbon atom is quadrivalent, 
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and that each of the four hydrogen atoms is in combination 

H(l) 

with it, as indicated in the formula (1)H — C — H(2). Do the 

H(a) 

atoms numbered 1, 2, 3, and i bear tbe same relation to the 
carbon or not? If they do not, then, on replacing H (1) by 
i chlorine, the product should be different from that obtained by 
' replacing H (2), JI (3), or H (4) ; or, it should be possible 
to make more than one variety of chlor-methane and of similar 
products. This subject is an extremely difficult one to deal 
with. We can only aay that, although chlor-methane has been 
made in several ways, the pro<luct obtained is always the 
same one ; and the same is ti'ue of all other substitution -pro- 
ducts of methane. Hence, we have no reason whatever for 
believing that there are any differences between the hydrogen 
atoms of methane. We therefore conclude that they all bear the 
same relation to the carbon atom. 

This conclusion is of f\]ndameDtal importance in dealing with 
the higher members of the methane series, and, indeed, in deal- 
ing with all carbon compounds, as will be seen later. 

Ghlor-ethane, ethyl chloride, 03^01. 

Brom-etbane, ethyl bromide, CiHsBr. 

lodo-ethajie, ethyl iodide, OiHsI. 

These substances are all liquids having pleasant ethereal odors, 
Tbe first boils at 12°, the second at 38.8°, and the third at 72°. 
They are most readily made from alcohol, by treating with the 
corresponding hydrogen acids. In the case of the bromide and 
iodide, it is simpler to treat the alcohol with red phosphorus 
aud the halogen. The action is similar to that involved in 
making hydrobromic acid by treating water with red phosphorus 
and bromine. It will be shown that alcohol is a hydroxide, 
iu which hydroxyl (OH) is in combination with the group CjH,, 
called ethyl, as represented in the formula CjHjJDH. When 
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bromine is brought in contact with red phoaphonia, the tribro- 
mide, PBrj, is formed, and this acts npon the alcohol thus: — 

CiHj.OH Brl 

C^..OH + Br I P = 3 CjH^r + P(OH),. 

CjH,.OH Br J 

When wat«r is used instead of alcohol, the bromine appears in 
combination with hydn^en as hydrobromic acid. 

£xpertroeiit 6. Arrange an apparatas as repreaented la Fig. i. 
In the flask place IC* red phosphorus and 60* absolute alcohol. Put 
60« bromine in the glasH-stoppered funnel, and, bj means of the stop- 



cock, let the bromine enter the flask very slowly, drop by drop. After 
allowing the mixture to stand for two or three hours, gently heat the 
water-bath, and the brom-ethane will distil over. Place the distillate In 
a glass-stoppered cylinder, and sliafce it first with water to which some 
caustic soda has beeu added, and then two or three times with water 
alone. Separate the water from the brom-ethane either by means of a 
pipette 1 or a separating Ainnel. Add two or three pieces of fused 
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caldam cbloridc the size of a small marble, and let stand for a few 
hours. Then poor off Into a clean, dry distilling bnlb, and distil, noting 
the boUlng-polut 

Among tbe maDy halogen siibstitutioo-prodncta of ethane 
ContainiDg more than one halogen atom, only two will be men- 
tioned. These are the two di~chlor-ethanes, both of which are 
i-epresented by the formula CJI4CI2. Tbe esistence of these 
two substances, having the same composition but entirely differ- 
ent properties, affords a good example of what is known as 
isomerism. 

iBOmerism. — One of the most striking and interesting facts 
with which we become familiar in studying carbon compounds, 
is the fVequent occnrrence of two, and often more, eubstances 
containing the same elements in the same proportions by weight. 
Bodies which bear this relation to each other are said to be 
isomeric. 

Jsomerism is of two kinds: (1) Bodies may have the same 
per ccntage composition and the same molecular weights. Such 
bodies are said to be mefaineric. Tbe di-chlor-ethanes, C^S\^ 
for example, are metamcric. (2) Bodies which have the same 
per centago composition but different molecular weights are said 
to be polymeric. Acetylene, C^Hj, benzene, CgH^, and styrene, 
CgH„ are polymeric. 

■ei»Dd thsl nlll fli inogly into It, h that It can be nxmd ap and down without dlfflenltr. 
Draw out the larger lube, and Bt to 11 s tube of »bonl S" diaioeler and 10™ long. 
ThBu draw ont this lut tube to a inult opening, dote tbe amaller ot the two large tuba 
bj melting 11 togetber. Fliwlly, put thla tube Into the largeit one, and draw orer the two 
a broad piece o( tblck rubber tubing, wblch will elow the opening between the two, and 
Bt.the lams time permit the upward and downward morement ot the imaller tube. Tbe 
plpeue baa Ibe form represented In Fig. S. 
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The cause of isomerism is undoabtedly to be found in the 
different relations which the pai-ts of isonieric componnda bear 
to each other. Our structural formulas, which show the relations 
between the parts of compounds which have been traced out by 
a study of the chemical conduct of these compounds, give ns an 
insight into the causes of isomerism. To illustrate, let us take 
the two di-chlor-e thanes. One of these is made by treating 
ethane, the other by treating etiiylene, CsH^, with chlorine. 
In the first case the action is substitution ; in the second, the 
chlorine is added directly to ethylene, thus, — 

CA + CI, = C^Jdf 

The product from ethylene is called ethylene chloride; that from 
ethane, etkylidene cJiloride. It will be shown that ethylene is to 

CH, 
be represented by the formula t ; that is, that in it two hydro- 

CH, 
gen atoms are in combination with each of the carbon atoms. 
Now, if chlorine is brought in contact with this substance, we 
would naturally expect each of the carbon atoms to take up one 
atom of chlorine, and thus to become saturated, as represented 
in the equation, — 

CHj CI CHjCl 
II + =1 
CH, CI CH,C1. 

Chlorine is taken np, and it Is Iwlieved that the ethylene 
chloride obtained has the structure represented in the formula 
CHjCl 

I , the distinctive feature of which is that each of the chlorine 
CH,a 
atoms is in combination with a different carbon atom. 

We, however, can conceive of another possibility ; viz., that 
the chlorine atoms are both in combination with the same 

CHCi, 
carbon atom, as represented in the formula i , and we 

CH, 
would be inclined to the view that this represents the structure 



D,gn,-.rihyGOOglC 



ISOMERISM. 33 

of ethylidene chloride. Fortunately we have experimental evi- 
deoce to support this view. It will be shown that aldehyde 

CHO 
has the formula | . When aldehyde is treated with phos- 

CH, 
phoruB pentachloride, two chlorine atoms take the place of the 
oxygen. A product which must be represented by the formula 
ceci, 

i IS formed, and this is identical with ethylidene chloride. 

CH, 

Thus it will be seen that the difference between the two iso- 
meric compounds, ethylene chloride and ethylidene chloride, 
may be said to depend upon the fact that in the former the 
two chlorine atoms are in combination with different carbon 
atoms, while in the latt«r both are in combination with the same 
carbon atom. 

Geneyal ckaracteriglics of tlie halogen derivatives of methane 
and ^kane. The one characteristic to which it is desirable 
that special attention should be called is the firniii£as.Eith. which 
the balcgens are held in the compounds. Chlorine, in combina- 
tion with a metal in the form of a soluble compound, can always 
be removed by addition of silver nitrate. It cannot easily be 
eo removed when present in substitution products of the hydro- 
carbons. If silver nitrate be added to a solution of chlor- 
methane, CH3CI, no precipitate is formed. On the other hand, 
when chlor-methane is heat«d with a silver compound, the chlorine 
is removed. Sodium and zinc have Qte power of extracting the 
chlorine, bromine, etc., from halc^eu derivatives, and this fact 
is taken advantage of in the syntiiesis of many hydrocarbons. 
(See " Ethane," p. 24.) 
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CHAPTER IV. 

OXYGHK DBRIVATIVBS OF METHANE 
AND ETHANE. 

There are Beveral classes of oxygen derivatives of the hydro- 
cartwns. Among them are the importaDt bodies knovai aa 
alcohols, ethers, aldehydes, and acids. Eacli of these classes 
will be taken up in turn. 

1. Alcohols. 
Among the most important oxj-gen derivatives are the alco- 
hols, of which methyl alcohol, or wood spirits, and ethyl alcohol, 
or spirits of wine, are the best known examples. As far as 
composition is concerned, these bodies bear very simple relations 
to the two hydrocarbons, methane and ethane. These rela- 
tions are indicated by the formulas, — 

H;drociirboiu. Akobol*. 

CH, CH,0 

CjH, C,H,0. 

The alcohol contains one atom of oxygen more than the corre- 
sponding hydrocarbon. In order to understand the chemical 
nature of alcohols, it will be best to study with some care the 
reactions of one ; and we may take for this purpose the simplest 
one of the series, viz., methyl alcohol. 

Methyl alcohol, CH(0. — This alcohol is known also as 
wood spirits. It is found in nature in combination in the oil 
of wintergreen. It is formed, together with many other sub- 
stances, in the dry distillation of wood. It is hence contained 
in crude pyroligneous acid or wood vinegar. Wood is distilled 
in large quantities for various purposes ; chiefly however, for 
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making charcoal. In some charcoal factories the distillate is 
collected and utilized. Wood is distilled also for the purpose 
of making vinegar, or pure acetic acid. 

It is not an easy matter to get pure methyl alcohol from crude 
wood spirits. Fractional distillation alooe will not auswer ; 
though, if the niixtnre be distilled for some time, and the impure 
alcohol thus obtained then converted into some crystalline deriv- 
ative, the latter can be purified and then decomposed in such 
a way as lo jield the alcohol in pure condition. 

Methyl alcohol ia a liquid wliich boils at 66.7°, and haa the 
specific gravity 0,8142 at 0°. It closely resembles ordinary 
alcohol in all its properties. It burns with a non-luminous 
flame. When taken into the sysfem it intoxicates. In concen- 
trated form it is poisonons. It is an excellent solvent for fats, 
oils, resins, etc., and is extensively used for this purpose, 
, 1. Albion of hydroMoric, hydrobromic, and other acids on 
methyl alcohol. The action of a few acids is represented by 
the following equations ; — 
Qf-'^rf CH,© -1- HBr = CHgBr + HjO ; 
CM^trti CH,0 + HC1 = CH,C1 -l- HaO; 
cy'^e;! CH4O + HNO, = CH,NOg + H/); 
1^ '^Wjif* 2 CH.O + HjSO, = <CHs)i,S04 + 2 HaO. 
The acUon is plainly suggestive of that of metallio hydroxides 
or bases. In each case the acid is neutralized and water is 
formed, just as the acid would be neutralized by potassium 
hydroxide. 

2. Afiion of pkosphorua trichloride. When phosphorus tri- 
chloride acts on methyl alcohol, the products are ohlor-methaue 
and phosphorous acid : — 

8 CH40 + PCI, = 3 CH,Cl + P(0H)3. 

Here an atom of oxygen and an atom of hydrogen are together 

replaced by one atom of chlorine, the reaction being like that 

which takes place between water and phosphorus trichloride : — 

3 H^ -H PClj = 3 HCI + T{OK),y C 
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This fact wonld lead us to euepect that there is some resem- 
blance betweeo the alcohol and water. 

3. Action of potassium and sodium. When potasainm is 
brought in contact with pare methyl alcohol, hydrc^n is given 
oS, and a compoand oontainiDg potassinm is formed : — 

CH,0 + K = CHjKO + H. 
Further treatment of this compound with potassium canses no 
f^irtber evolution of hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol differs from the 
other three. 

The resemblance between methyl alcohol and metallic hy- 
droxides ; the replacement of hydrogen and oxygen by chlorine ; 
and the resemblance betweea the alcohol and water; and, 
finally, the replacement of one, and only one, hydrogen atom 
by potassium, lead to the conclusion that the alcohol contains 
hydr<^n and oxygen in combination, and that the characteristic 
reactions are due to the presence of the group called hydroxtfi 
(OH) . The analogy between the alcohol, a metallic hydroxide, 
and water, is shown by these formulas : alcohol, CH, .OH ; 
hydroxide, K.OH; water H.OH. Thus water appears as the 
type of both the hydroxide and the alcohol, and they may be 
regarded as derived from water by replacing one hydrogen atom 
by the group CUg, in the case of the alcohol, and the metal 
potassium in the case of the hydroxide. Or, on the other hand, 
methyl alcohol may be regarded as marsh gas in which one of 
the hydrogen atoms is replaced by hydroxyl. This is the view 
which is universaUy held. 

To test the correctness of the view, we may try to make 
methjl alcohol in some way that will show as of what parts it is 
made up. Thus, we might start with marsh gas, and introduce 
a halogen, as bromine. Now, if we bring brom-ethane to- 
gether with a metallic hydroxide, the bromine and the metal 
may unite, leaving the hydroxyl and the group CHj, which may 
□nite also, as indicated in the equation 

CHjBr + MOH = CH,.OH + MBr. 
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If tnethjl alcohol coald be made in this Tray, we should have 
very clear proof of the coiTCctness of the view expressed in the 
formula CHj, OH. While no reaction of this kind has been used 
in the preparation of methjl alcohol^ so many aleohols have been 
made in this way that the proof is overwhelming. 

The reactions above considered show that the part of methyl 
alcohol which corresponds to the metal in the hydroxide is the 
group CHj. This it is which enters into the acids in place of 
their hydrogen, and this remains unchanged when potassiom 
acts upon the alcohol. It has received the name methyl. Hence 
we have the names methyl alcohol, methyl bromide, methyl 
ether, etc. A group which, like methyl, appears in a number 
of componnds is called a radical, or 7'esidue. These names are 
intended simply to designate that part of a carbon compound 
which remains unchangeil when the compound is subjected to 
various transforming influences. 

The two most characteristic reactions of methyl alcohol are : 
(1) its power lo form salt-like, neutral bodies when treated 
with acids ; and (2) its power to form an acid when oxidized. 

The neutral bodies formed with acids correspond to the salts 
of metals, only they contain the radical, or residue, methyl, 
CH,, in the place of metals. They are called compound etkera 
or ethereal saUa. 

The acid formed by oxidation has the composition expressed 
by the formnla CHjOj. It differs from the alcohol by contain- 
ing one atom of oxygen more and two atoms of hydrogen less. 
It will be shown that this acid is the first of an important series 
of acids, known as the/oi^y acids, each of which bears the same 
relation to a hydrocarbon containing tbe same number of carbon 
atoms that this simplest acid bears to marsh gas. 

Ethyl alcohol, CjHb .OH. — This is the best known sub- 
stance belonging to the class of alcohols. It is known also by 
the names spirits of wine and ordinary alcohol. It occurs in 
small quantities widely distributed in nature. 
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The one method of preparation npon which we are dependent 
for alcohol is the fermentation of sugar. 

Fermentation. — Whenever a plant juice, which contains 
sugar is left exposed to the air, it gi-adually undergoes a change 
by which it loses its sweet taste. Usually the chaoge consists 
in a breaking up of the sugar into carbon dioxide and alcohol. 
The equation 

CsH^O, = 2 CjHsO + 2 CO,, 

Sugw. Alcohol. 

approximately expresses what takes place in the process which 
is known as aicoJtolic fermentation. It has been shown that 
fermentation is caused by the presence of smalt ot^auized 
bodies, either animal or vegetable. These bodies, which are 
Icnown as ferments, are of different kinds, and cause different 
kinds of fermentation with different products. Among the kinds 
of fermentation the following may be specially mentioned : — 

1. Alcoholic or vinous fermentation. This is caused by a 
vegetable ferment which b contained in ordinary yeast. The 
ferment consists of small, round cells arranged in chains. The 
products of its action are alcohol and sugar. 

2. Lactic acid fermentation. This is due to a v^etable 
ferment which is contained in sour milk. It has the power of 
transforming sugar into lactic acid. 

3. Acetic acid fermentation. This is due to a peculiar vege- 
table ferment which acts npon alcohol, transforming it into 
acetic acid. 

The germs of the various ferments are in the air; and, when- 
ever they find favorable conditions, they develop and produce 
their characteristic effects. They will not develop in a solution 
of pure sugar. The variety of sugar which is fermentable, aud 
which is the one from which alcohol is obtained, is not an 
ordinary cane sugar, but one known as grape sugar; or, more 
commonly, glucose. In order that the ferments may grow, there 
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muBt be present in the Bolution, traside the eugar, snbBtancea 
which contain nitrogen. These, as well as the sugar, are con- 
tained in the juices pressed out from fruits, and hence these 
juices readily nndei^ fermentatioD. 

In the manufacture of alcohol a solution containing either 
starch or sugar ia first prepared from the residue of wine presses, 
or from some kind of grain or potatoes. In case the solution 
contains grape sugar, this undergoes fermentation directly when 
the ferment ia added. If the substance in solution is cane 
sugar or starch, this is first changed by the ferment into 
grape sugar, and the fermentation then takes place as in the 
first case. 

Experiment 7. Dissolve tO to 60K commercial grape sugar In 2 to 
3 litres of water In a good-sized llaek. Connect the flask b; mcaos of 
a bent tube with a cylinder contBiDing clear lime water. Protect the 
latter from the air by means of a tube containing caostlc potash. Now 
add to the solution of grape sugar a JIttle brewer's yeast; close the 
connections, and allow to stand. Soon an evolution of gas will begin, 
and, as this passes through the lime water, a precipitate of calctnm 
carbonate will be formed. After the action la over, place the flask In 
a water-bath; connect with a condenser, and distil over 100" of the 
liquid. Examine this for alcohol. 

A good way to detect alcohol is this : Warm the solution to he 
test«d; add a small piece at iodine and then caustic potash until the 
color is destroyed. On cooling, a yellow crystalline powder of iodo- 
form la depo3lt«d. 

To obtain alcohol from fermented liquids, they must be dis- 
fiUed. The ordinary alcohol contains water, and a mixture of 
other alcohols called fusel oU. The latter can be removed 
partly by distillation, and the last portions can be gotten rid of 
by filtering through charcoal. The water cannot be removed 
completely by distiUation, though a product containing about 
93 per cent of alcohol may be obtained. 

Absolute alcohol is ordinary alcohol from which the water has 
been removed to a conaiderable extent by means of quicklime. 
As a role absolute alcohol contains abcrat 5 per cent of w«t«t- 

D,gn,-.rihyGOOgle 



40 DBRIVATIVES OP METHANE AND ETHANE. 

By contiaaed treatment with limo the quantity of water may be 
redaced to one>tialf a per cent, and this small qnantity may be 
removed by treatment with metallic sodium. 

Elxperlment 8. Prepare abeolnte alcohol from ordlaarf strong 
alcohol. For this parpose a good-sized flask Is oae-holf to two-thirds 
itlled with qnicUime broken into small lamps. The alcohol is ponred 
apon the lime, and allowed to stand at least twentj-foar boars, when 
It Is distilled olT on a water-bath. If the alcohol used contjrins con- 
siderable water. It Is necessary to repeat the treatment with lime. 

Pure ethyl alcohol has a peculiar, pleasant odor. It is 
claimed, however, that perfectly anhydrous alcohol has no 
odor. It remains liqaid at very low temperatures, but has 
recently been converted into a solid at a temperature of —130.5°. 
It boils at 78.3°. It bume with a non-lnmiuous fiame, which 
does not leave a deposit of soot on substances placed in it. It 
may hence be need for heating purposes in chemical labora- 
tories. When mixed with air its vapor explodes when a flame is 
applied. Its effects upon the human system are well known. 
It intoxicates when taken in dilute form, while in large doses it 
is poisonous. It lowers the temperature of the body from 0.5° 
to 2° when taken internally, although the sensation of warmth 
is experienced. 

Alcohol ia the principal solvent for substances of organic 
origin. It is hence extensively used in the arts, as in the manu- 
facture of varnishes, perfumes, and tinctures of drugs. 

The many beverages which are in use depend for their efS- 
ciency upon the presence of alcohol in greater or smaller quantity. 
The milder forms of beer contain from 2 to 3 per cent ; light 
wines, such as claret, about 8 per cent ; while whiskey, brandy, 
mm, and other disljlled liquors sometimes contain as much as 60 
to 75 per cent. These distilled liquors are nothing but ordinary 
alcohol with water and small quantities of substances obtained 
ttom the fruit or grain used in tbeir preparation, or obtained by 
standing in barrels mode of oak wowl. The different flavors 
are due to the small quantities of these substances. 
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Chemicai conduct of ethyl alcohol. All that was said Id regard 
to the chemical coodact of methyl alcohol applies to ethyl 
alcohol. The action of acids, of phosphorus trichloride, of 
the alkali metals, and of oxidizing agents is the same aa in the 
case of methyl alcohol, only the products formed contain the 
radical, ethyl, C,Hj, instead of methyl. 

Note fob Stitdent. — The stnilent is adviaed to write the eqao- 
tlous representing the action of hjrdrochlorlc, hjdrobromic, and nitric 
acids ; of phospboms trichloride ; and of potasslnni, upon ethyl alcohol. 
What la the composition of the acid formed b; oxidation of ordinary 
alcohol? 

2, Etbebs. 
As has been shown, when an alcohol is treated with potas- 
sium or sodium, compounds are formed haTing the for- 
mulas 

CHjONa, CH3OK, C^jOK, CiH,ONa. 

If one of these be treated with a mono-halogen derivatlTe of 
a hydrocarbon, as, for example, iodo-methane, CHgl, reactton 
takes place thus : — 

CHjONa + CHJ = C^I.O + Nal. 

The reaction leaves very little room for doubt in regard to 
the strDcture of the compound CiHiO. It must be represented 

Comparing it with methyl alcohol, we see that it is obtained 
ftom the alcohol by replacing the hydn^en of the hydroxyl by 
methyl, CHj, Just as the alcohol is analogous to the hydroxide 
KOH, so the new compound is analogous to the oxide K^O. 
It is the representative of a class of bodies known as ethers, 
which are analogous to the oxides of the metals. Our ordinary 
ether is the chief representative of the class. 

While the reaction above mentioned serves admirably to show 
the relations between the alcohols and ethers, it is not the one 
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that is made use of in their preparation. Thia consists in treat- 
ing the alcohols with sulphuric acid, and distilling. 

Bthyl ether, 03ii>0 = (03i)iO. — This is ae aabstance 
conunonly known simply as etker, or aulphitric ether. The latter 
name was originally given to it becaase eutphnric acid ia used 
in its manafacture, and plainly not because any sulphur is con- 
tained in it. 

Theoretically, the simplest way to make ether fh>m alcohol 
is to make the Bodium compound of alcohol, CjH,ONa, and to 
heat this with brom- or iodo-ethane thus : — 

C,H»ONa + CH,I = {CJI,)jO + NaT. 

Practically, bowever, ether may he made much more readily, 
and it is made on the large scale by mixing sulphuric acid and 
alcohol in certain proportions, and then distilltug the mixture 
88 described below. Two distinct reactions are involved in this 
process. First, when alcohol and sulphuric acid are brought 
together, half the hydrogen of the acid is replaced by ethyl 
thus : — 

C^fiH + ^ > SO, = ^^' > SO. + Ufi. 

The product thus formed is called elhylsulpkuric add. 

Elxperlment 9. Slowlj poor 20 to SO" concentrated SDlphnric acid 
Into about the same volume of alcohol of 80 to 90 per cent. Stir 
tlioroughly, and dilute with a litre of water. In an evaporating dish 
add powdered barium carbonate until the liquid la neatral. Filter, 
and examine the clear filtrate for bnrlam. Its preaence shows that a 
soluble bariQm salt has been formed. This la barimn ethjl-snlpfaate, 
Ba(C,H(SO.),, 

When ethyl-sulphuric acid is heated with alcohol, ether is 
foimed, and sulphuric acid is regenerated thus : — 

CaH^H -I- ^'l* > SO. = ^ > O + H^O.. 
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The ether thus formed distils over ; and, if alcohol be admitted - 
to the sulphuric acid, ethyl-sulphuric acid will again be formed, 
and witli excess of alcohol it wiU yield ether. The actual 
method of procedure is described in 

Experiment 10. Arrange an apparatus as ehovrn in Fig. 6. lu 
the flask put a mixture of 200* alcohol, and 360* orilinary concen- 
trat«it sulphuric acid. It Is hett«r to mix them In another vessel, 
and allow the mixture to stand for some time until it is thoroaghly 



Fig a. 

cooled down; and then to pour off from the precipitated lead sulphate as 
completely as possible. Now heat until the thermometer indlcatea the 
temperature 140°. At this point the mixture boils, and ether begins to 
pass over. As soon as this is noOced, open the stopcock of the vessel 
A, and let a slow stream of alcohol pass Into the distilling flask through 
the tube B, which must reach beneath the surface of the mixture. 
Regulate this stream so that the temperature remains as near HO" ns 
possible. In this way the operatlan can be kept up for a considerahle 
time, the alcohol admitted to the flask passing out an ether, and being. 
collected together with some alcohol In the receiver. After about a 
half litre to a litre of distillate has been collected, stop the operation. 
The mixture in the distilling flask maj be kept in a stoppered bottle 
and used again when needed. Pour the distillate Into a gla^s-stoppered 
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cylinder, and aAd water. The other will rise to the top, forming & 
diatiuct layer, and m&y be remoTed by meaua of a pipette or sepamtlng 
ftiDnel. It Bboold b« ebaken in Oils way a few times wUb water; then 
treated with a little calclnm chloride; and, after etandlng, poured off 
tuto a dry flask, and distilled on a water-bath. 

Tf.B. Never hoU ether over a jtee pane; and, in vmrktnff with U, 
alvxtj/s carefully avoid the neighborhood of flame*. In boiling it on a 
water-bath, do not heat the teater to boUing. 

Ether is a colorless, mobile liquid of a peculiar odor and 
taste. It boils at 34.9°. (Heoce tlie necessity for the pre- 
cautious mentioned above.) Its specific gravity ie 0.736 at 0°. 
(What evidence have you had that it is lighter than water?) 
It is very inflammable. 

Experiment 11. Pnt a few cable centimetres of ether la a small 
evaporating dish, and apply a flame. 

"When its vapor is mixed with air, the mixture is extremely 
explosive. Ether is somewhat soluble in water, and water is 
also somewhat, though less, soluble in ether ; so that when the 
two are shaken t^^ther the volume of the etber becomes 
smaller, even though every precaution is taken to avoid evapor- 
ation. Ether mixes with alcohol in all proportions. It is a 
good solvent for resins, fats, alkaloids, and many other classes 
of carbon compounds. 

It is an excellent antesthetic, and is used extensively in tiiis 
capacity. In consequence of its rapid evaporation, it is used 
to produce cold, as in the manufacture of ice. So, also, when 
brought ag^nst the skin in tbe form of spray, the cold produced 
is so great as to cause insensibility. 

Experiment 12. In a thin glass test-tnbe put G™ water. Introduce 
the tube Into a small beaker containing some ether. Force air through 
the ether by means of a bellows. The water will be frozen. 

Chemieal conduct of ether. If we were dependent upon tlie 
decompositions and general reactions of ether for our knowledge 
of its structure, we would be left in grave doubt as to the reU- 



HIXBD ETHEBB. 46 

tjona exietisg between it and alcohol. Its decomposilionfi are 
mostly deep-seated, and not easily explained. Fortunately, as 
we have seen, its synthesis from sodium ethylate, C^^Na, and 
iodo-ethane, CjHiI, leaves na in no doubt regarding its Btmcture. 
The simplest decompositions are these : — 

Heated with water and a small quantity of sulphuric acid to 
150°, it ia converted into alcohol; — 






>0 + ">0= 2 C^JOH. 



Treated with hydriodic acid at a low temperature, alcohol 
and iodo-ethane are formed : — 

^^>0 + ^ = C,H/)H + CHJ. 

Mixed ethers. — Just as ordinary or ethyl alcohol yields 
ethyl ether, so methyl alcohol yields methyl ether, (CH,)jO. 
By modifying the method, a mixed eCAer, metkyl-ethyl eth«r, 
' ' > O, may be obtained. This is formed by treating sodium 
methylate with iodo-ethane, or by treating sodium ethylate with 
iodo-methane : — 

CH^Na + CflJ = "^^^ > -I- Nal ; 



It is formed also by distjlling methyl alcohol with ethyl-sul- 
phuric acid, or ethyl alcohol with methyl-aulphuric acid ; — 

'^g* > O -I- *^^" > SO, = ^^* > O -!- H^Oo 

^>0+ ™'>SO^=^^<>0-1-H^0,. 

Methyl ether and methyl-ethyl ether are very similar to ordinary 
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3. Aldehydes. 
It has been stated above that when methyl and ethyl alcohols 
oro oxidized, they are converted into acids having the formnhiB 
CHjOj and C^^Oi, respectively. By proper precautionB, prod- 
ucts can be obtained intei'mediate between ths alcohols and 
acidfi, and difteriug from them in composition in ttiat they 
contain two atoms of hydn^en less than the corresponding 
alcohols. These pi'oducta are called aidekydes, from alcohol 
dehydrogeTKdum, from the fact that they must be regarded as 
alcohols from which hydrogen has been abstracted. The rela- 
tions in composition between the hydrocarbons, alcohols, and 
aldehydes are shown by these formulas : — 

Eydroarbou. 



droarbou. 


Aleoholfc 


Aldeb^dea 


CH4 


CH,0 


CH/) 


CA 


CH/) 


CH^ 


etc. 


etc. 


etc. 



Methyl aldehyde, formio aldehyde, CH]0. — This is 
made by gentle oxidation of methyl alcohol, as by passing the 
Taper of the alcohol with air over a heated platinnra spiral. It 
is a very volatile liquid, irhich, np to the present, has not been 
prepared in pure condition. 

Iq order to gain a clear insight into the nature of the alde- 
hydes, it will be best to study the best-known representative of 
the class, which is ethyl aldehyde. 

Ethyl aldehyde, aoetio aldehyde, O34O. — The name 
e^yl aldehyde is intended to recall the connection between the 
substance and ethyl alcohol ; while the name acetic aldehyde is 
given to it because, 'by further oxidation, it is converted into 
acetic acid. The latter is perhaps the better name, as the alde- 
hyde really does not contain ethyl, CjH„ as is evident from its 
molecular formula. 

Acetic aldehyde is formed whenever alcohol is brought in 
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GODtact with an oxidizing mixture ; as, for example, potassium 
bichromate and dilute sulphuric acid. 

Experiment 13. Dissolve a little potasBinm bichromate In water, 
and add enlphurtc acid. Now add a few cubic centimetres of alco- 
hol, aud notice the odor vrhlch is that of aldehyde. Notice, also, 
tbe change of color of the solution, showing the reduction of the 
chromate. 

As aldelij-de is a very volatile liquid, it is difficult to collect it. 
In prei>aring it, it is therefore better to pass it into some liquid 
which will absorb it, and then afterwards separate it by some 
appropriate method, A good method ia that described below. 

Experiment 14. Arrange an apparatus as shown In Fig. T. Pnt 
130* grunulated potassium bichromate in the flask A, which mnst have 
a capacity of 1} to 2 litres. Make a mixtare of I60K concentrated sol- 



phnric acid, 480* water, and 130* alcohoL Cool the mixture down to 
the ordinary ten^teratnre, and then pour it slowly through the funnel- 
tabe S Into the flask conti^nlng the potassium bichromate. Uean- 
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while keep the flask tn cold water In the Wftter4>ath. TLb cyllndera C 
and D are about half filled with ordinary etber, each one coDtainlng 
about 200°° ether, and placed in the large vessel f, which contains ice 

UBually, when the alcohol, water, and anlpharlc acid are poured upon 
the bichromate, the action begins without application of heat. At times 
It takes place rapidly, eo that the liquid should always be added slowly. 
The aldehyde which Is thus formed, together with some nlcohol and 
water vapor, passes Into the condenser-tube, where the greater part of 
the alcohol and wat«r la condensed and returned to the flask, while 
the aldehyde, being much more volatile, passes Into the ether and Is 
there absorbed. After the action is over, the dlstUllng vessel and con- 
denser are removed, and, at E, connection Is made with an apparatus 
famishing drj/ ammonia gas. The gas Is passed into the cold ethereal 
solution of aldehyde to the point of saturation. A beautlfdlly crystal- 
lized compound of aldehyde and ammonia, known as ald^yde-amraonia. 
Is deposited. The ether is poured off, and the crystals placed on fllter- 
paper. They gradually undergo change tn the air, becoming yellow, 
and acquiring a peculiar odor. If the crystals are placed In a flask and 
treated with dllnt« sulphuric acid, pure aldehyde passes over, and may 
be coudensed by tce^old water. 

la the process of puriflcatioD of ordiaary alcohol it is filtered 
through charcoal. It ia thus partly oxidized to aldehyde ; and, 
when it is afterwards distilled, the first portions which pass 
oyer contain aldehyde, which is obtained on the large scale by 
repeated distillatJon of these " first runnings." 

Aldehyde is a colorless liquid, boiling at 21°. It mixes with 
water and alcohol in all proportioua. Its odor is marked and 
characteristic. 

From the chemical Htand-[K>int, the most characteristic prop- 
erty of aldehyde is its power to unite directly with other sub- 
stances. It unites with oxygen to form acetic acid; with 
hydrogen to form alcohol; with ammonia to form oidehyde- 
ammonia, CaH^O.NHa; with hydrocyanic acid to form ald«- 
kyde hydrooyanide, CtHiO.HCN ; with the acid sulphites of 
the alkalies forming componnds represented by the formulas 
C,H,O.HESO« and CjH,O.HNaSO, ; and with other substances. 
Lideed, if left to itself, it readily changes into polymeric modi- 
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ficfttions, Dnitiog with itself to form more complex bodiea, 
paraldehyde and tnettUdehpde. 

Paraldehyde, OtHuOj. — This ie formed by adding a few 
drops of concentrated sulphuric acid to aldelijde, which cansea 
the liquid to become hot. On cooling to 0°, the paraldehyde 
Bolidifiee in cryatalline form. It melts at 10.5°. It dissolTes 
in eight times ite own volume of water. BoUe at 124°. When 
distilled with dilute sulphuric acid, hydrochloric acid, etc., it is 
converted into aldehyde. The specific gravity of its vapor has 
been found to be 4.583. This leads to the molecular weight 
133.4, and consequently to the formula CaHuO^. It is called a 
polymeric modification of aldehyde. The cause of the peculiar 
action, and the structure of the product are not known. 

Metaldehyde, (0iH|O}i. — Metaldehyde is formed in much 

the same way as paraldehyde, only a low temperature (below 
0°) is most favorable for its formation. It crystallizes in needles, 
which are insoluble in water, and but slightly soluble in alcohol, 
chloroform, and ether in the cold, though moi'e readily at a 
slightly elevated temperature. When heated to 112° to 116° it 
is converted into aldehyde. Hence its vapor density cannot be 
determined, and its moleculai' weight is unknown. It has the 
same composition as aldehyde and paraldehyde, but it is prob- 
ably more complex than the latter ; that is, its molecule is 
probably made up of a larger number than three molecules of 
aldehyde. Distilled with dilute sulphuric acid, etc., it is easily 
converted into aldehyde. 

In consequence of the tendency of aldehyde to unite with 
oxygen, it is a strong reducing ^rent. When added to an 
ammoniacal solution of silver nitrate, metallic silver ia deposited 
on the walls of the vessel in the form of a brilliant mirror. 

Ezpertment IS. To a weak aqueous solution of aldehyde, or of 
aldehyde-aiDnioiiia, in a test-tube, add a few drops of ammonia and of 
a eolation of silver nitrate. Warm gent^; and, when the deposit on 
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tbe walls of the tabe begins to appear, stop beating. A brilliant mirror 

of metallic silver wlU appear. This method Is used la the nutoofac- 
tare of mirrora. What becomes of the aldebjde? 

Ckemicai transformations of aldehyde. As aldehyde is pro- 
daced from alcohol by oxidation, bo aloobol can be formed 
from aldehyde by reduction : — 

C,HgO + O = C^,0 + H^ ; 
C,H,0 + H, = C,IV>. 
By oxidation aldehyde is converted into an acid of the formnla 
CiH(Oj, which is acetic acid ; and, by reduction, acetic acid is 
converted into aldehyde : — 

CiH,0 +0 =C,H,Os; 
C,HA + H, = C,H,0. 

Treated with phosphoros pentachloride, aldehyde yields etkyl- 
idene dUoride, CjH,Clj (which see). This reaction is of special 
interest and importance, as it helps as to understand the relation 
between aldehyde and alcohol. Alcohol, as has been shown, 
is the hydroxide of etiiyl, C^Hj.OH. When oxidized it loses 
two atoms of hydrt^en. Is the hydrc^en of the hydroxyl 
one of the two which are given oft? If so, what readjustment 
of the ox3gen takes place? Such are the questions which we 
have a right to ask. 

To understand the action of phosphorus pentachloride on 
aldehyde, it will be necessary to consider briefly the action of 
this reagent in general upon compounds containing oxygen. 
When it is brought in contact with water, the first change is 
represented by the equation 

H,0 + PCI, = POCl, + 2 HCl. 
Next, the oxichloride, POClj, is acted upon thus : — 

3 H,0 + POClj = PO(OH), + 3 HCl. 

Or, expressing both changes in one equation, we have : — 

4 Hp + PCI. = PO(OH), + 5 HCl. 
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The phoaphorua pentachloride gives up its chlorine and takes 
op oxjgen, or oxygen and hydrogen, in its place. This is the 
general tendency of the chlorides of phosphorus. 

Now, when a chloride of phosphoms is hrought together with 
an alcohol, the oxygen is replaced hy chlorine, two atoms of 
the latter for one of the former, thus : — 

C^,.OH + PCls = CjH^l.ClH + POCU- 

But as hydroxj'l, — O — H, is uniyalcnt, its plsce cannot he 
taken by two atoms of chlorine and one of hydrogen, and the 
two chlorine atoms have not the power of linking the hjdi-c^en 
tj) the ethyl. Hydrochloric acid ie given off, and a. compound is 
formed, which may be regarded as alcohol in which one chlorine 
atom takes the place of the hydroxyl. This is the kind of 
action which takes place whenever a chloride of phosphorus acts 
npon a compound containing hydroxyl ; and we fence make wae 
of the reaction for determining whMher hydroxyl is or is Ttot 
present in a compound. 

When aldehyde is treated with phosphorus pentachloride, the 
action is entirely different from that just described. Instead of 
a hydr<^en and an oxygen atom being replaced by one chlo- 
rine, the oxygen atom alone is replaced by ttoo chlorine atoms: — 

C^.O + PCli = C,H,C1, + POCl.. 

If the explanation above offered of the action of phosphoms 
pentachloride on alcohol is correct, it follows that aldehyde is 
not a hydroxyl compound. We can readily understand why the ' 
oxygen atom should be replaced by two chlorine atoms, if it 
is in combination only with carbon as in carbon monoxide, CO. 
There is an essential difference between this kind of combina- 
tion and diat which we have in hydroxyl as C — O — H. In 
the Utter condition the oxygen serves to connect carbon with 
hydrogen ; in tLe former it is in combination only with the 
carbon, andi presumably, the force which holds it can also hold 
two atoms of chlorine or of any other tmiralent element with 
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which it can unite. So that, if oxygen be in a compound in 
the carbon monoxide cxtndition, we would expect it to be re- 
placed by two atoms of chlorine when the compound ie treated 
with phosphorus pentachloride. Let R.CO represent any snch 
compound ; then we would have : — 

RCO + PCI. = E.CCI, + POCI,; 

while, when oxygen is present in the hydroxyl condition, we 
have: — 

R.C - - H + PCI, = R.CC1 + POClj + HCl. 

Just as the latter reaction is used to detect the presence of 
hj'droxyl oxygen, so the former is used to detect oxygen in tlie 
other condition, which is commonly known as the carbonyl con- 
dition. 

In terms of the valence hypothesis, it is said that in the 
liydroxjl componnda oxygen ia in combination with carbon with 
one of ite affliiides, and with hydrogen with the other, while in 
the carhonyl compounds it is in combination with carbon with 
both its affinities as represented thus, C= O. 

According to the above reasoning aldehyde is a carbonyl 
compound, or it contains the group CO. The simplest alde- 
hyde must therefore be represented by the formula Hfi = O. 
O 

Its homologue, acetic aldehyde, is CH,.C — H, The peculiar prop- 
erties of aldehyde are believed to be due to the presence of this 


group, C— H, which ia called the aldehyde group. We do not 
know that the double line io the formula conveys any correct 
ideia in regard to the relation between the carbon and oxygen. 
All that we know is that these two elements do occur in two 
different relations to each other, and the formulas C — O — H 
and C = recall these relations. They are expressions of factB 
established by experiment. Our notions in regard to these 
relations are largely dependent upon the reactions with the 
chlorides o( phosphorus referred to above. 
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Ohioral, triobloraldehyde, OCla.OHO. — When chlorine 
acts directly upon oldeliyde, complicated reactions take place 
which need not be considered here. If, however, water and 
calcium carbonate are present, anbstitution takes place, and 
triddoraldehyde ia formed. When alcohol is treated with 
chlorine, a double actioa takea place : Ist. The alcohol is 
changed to aldehyde thus : — 

CHj.CH^H + CI, = CH,.COH + 2 HCl. 

Then the chlorine acts upon the aldehyde, replacing the three 
hydrt^ens of the methyl, forming trichloraldehydc : — 

CH,.COe + 6 CI = CClg-COH + 3 HCl. 

In reality the aldehyde first formed acts npon tbe alcohol, 
forming an intermediate product which is acted upon by the 
chlorine. The chlorine product thus formed breaks np, forming 
chloral. The essential features of the reaction, however, are 
stated in the above equations. Triobloraldehyde is the sub- 
stance commonly known as chloral. It is simply the tri-chlo- 
rine sn Institution product of aldehyde. It has all the general 
properties of aldehyde, and the conclusion is therefore justified 
O 
II 
that it contains the aldehyde group — CH. 

Chloral is a colorless liquid, which boila at 94°, and has the 
specific gravity 1.5. 

Note for Studsnt. — Give the fonnnlaa of compounds formed 
when chloral ie broaght together with ammonia, hydrocyanic acid, and 
the acid salphlces of the alkalies. What Is the formnla of the acid 
formed bj Its oxidation? The answer is given In the statement that 
the general chemical conduct of chloral Is the saraeas that of aldehyde. 

When chloral and water are brought togetjier, they unite to 
form a crystallized compound, chloral ki/drate, C^HClfi + HjO, 
which is easily soluble in water, and crystallizes from the solu- 
tion in beautiful, colorlefls, monoclinio prisms. It melts at46''. 
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Token intemally in doses of from 1.5 to 5«, it produces sleep. 
Id larger dosea it acts as an aoiesthetic. 

When treated with an alkali, chloral and chloral hydrate 
break up, yielding chloroform and formic acid : — 

Caj.COH + KOH = CHCI, + KCHO,. 



This reaction, taken tc^ether with those which give chloral 
from alcohol, enables us to understand the reaction which is 
used in making chloroform and iodoform. 

Note por Student. — How U chJoroform made? How may the 
method be explained? Answer the some qaestioas for Iodoform. The 
bleaching powder used In preparing chloroform furnishes chlorine. Is 
an alkali present? 

4. Acids. 
When methyl and etlijl alcohols are oxidized, they are con- 
verted first into aldehydes, and then the aldehydes take up 
oxygen and are converted into acids. The relations in compo- 
sition between the hydrocarbons, alcohob, aldehydes, and acids 
are shown in the subjoined table : — 

Bjdrocubaiu. Alcoboli. Aldehjdsi. Acldi. 

CHt CH,0 CH^ CHA 

c^t c^fi c,h;o c^.o, 

etc. etc. etc. etc. 

The two acids whose formulas are here given are the well- 
known substances, formic and acetic acids. 

Formio acid, CHiO,. — This acid occurs in nature in red 
ants, in stinging nettles, in the shoots of some of the varieties 
of pine, and elsewhere. 

It may be prepared by distilling red ants, but is best prepared 
by heating oxalic add with glycerin. Oxalic acid has the 
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composition represented by the fonnula CtH,0,. When heated 
in glycerin, the effect is to break it up into carbon dioxide and 
formic acid : — 

CjHA = CO, + CHjO,. 

The formic acid distila over, and may be condeused. 

Experiment 16. luto a flask of 600 to 600°° capacity put 200 to 
300* auhydrous glycerin, and then add 30 to iOe crystallized oxalic 
acid. CODDcct the flask wlCli a condenser, and insert a thermometer 
through the cork so that the bulh is below the surface of the glycerin. 
Heat gently. When the temperature reaches 75" to 90°, carbou dioildo 
will be given off. DUate formic acid then distils over. When the 
evolution of carbon dloilde stops, add another portion of crystallized 
oxalic acid, and heat again. This operation may be repeated a num- 
ber of times without renewing the glycerin; but, when about I00« of 
oxalic acid liave been decomposed, enough formic acid for the purpose 
will hare been formed. Dilate the distillate to about half a litre, and, 
while gently warming It in an evaporating dish, add fresbly precipi- 
tated and washed copper oxide In small quantities until no more is 
dissolved. Then filter, and evaporate the solution to crystallization. 
Tbe beautifiilly crystallized salt thus obtained Is copper formate. 

The formation of formic acid by oxidation of methyl alcohol, 
and by treatment of chloral with an alkali, has already been 
mentioned. The following methods are of apecial interest : — 

(1) By the action of carbon monoxide npon potassinm hy- 
droxide ; — 

CO + KOH = h.co,k:. 

This method may be used for the preparation of formic acid on 
the lai^e scale. Soda-lime acta afi well as potassium hydroxide. 

(2) By the action of metallic potassinm upon moist carbon 
dioxide (carbonic acid) : — 

2 COs + K, + H,0 = HCOi^ + HCQiK, 
or 2 CO,Hj -I- K, = HCOjK -|- HCO.K + H^^. 
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(3) By treatment of a. aolutioD of ammonium carbonate irith 
sodium amalgam : — 

CO,(NH,)j + 2H = HCO,(NH,) + Hp + NH,, 
and HCOj(NH,) + NaOH = HCOaNa + NH, + H,0. 

According to these last tvro methods formic acid appears as & 
reduction product of carbonic acid formed by tiie abstractioii of 
one atom of oxygen : — 

H^Oa = HjCO, + 0. 

It is extremely important to bear this fact in mind, as it is of 
great assistance in enabling ua to undei'stand the relation esist- 
ing between the two acids, and between them and all otiier acids 
of carbon. It will be shown that all the acids of carlxin may 
be regu^ed ae derivatives of either formic acid or carbonic 
acid. 

(4) When hydrocyanic acid is left in the presence of an acid 
or an alkali, it breaks up, forming ammonia and formic acid. 
The reaction may be represented thus : — ' 

HCN + 2 HjO = HsCO, + NH,. 

Of course, if an acid is present, the ammonium salt of the acid is 
formed ; and, if an alkali is present, the formate of this alkali is 
formed. A reaclion similar to this is used very extensioely in the 
pi-eparation of the adds of carbon, as will be shown. 

Anhydroos formic acid may be made by delij-drating either 
the copper or lead salt, and passing dry hydrogen sulphide over 
the salt placed in a heated tube. The acid distils over, and 
may be obtained perfectly pure by placing a little of tlie anhy- 
drous salt in it and redistilling. 

It is a colorless liquid which boils at 90.9°. It has a pene- 
trating odor. Dropped on the skin, it causes extreme pain and 
produces blisters. Its specific gravity at 0° is 1.22, When 
cooled down it solidifies to a mass of crystals which melt at 6.6°. 
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Concentxated sulphuric acid decomposes it into carbon mon- 
oxide and water : — 

HjCOi = CO + HjO. 

It 18 easily oxidized to caxbonic acid. Hence it acts as a 
reducing agent. Heated with the oxides of mercury or silver, 
they are reduced to the metallic condition : — 

HgO + H,COj = Hg + H^ 4- COj. 
Like other acids, formic acid yields a large number of salts with 

bascB, and ethereal salts or compound ethers with the alcohols. 
These derivatives need not be considered here. The salts arc 
all soluble in water, and some of Lhem, as the lead, copper, and 
barium salts, crystallize very well. Some of the compound 
ethers will be mentioned when these substances are considered 
as a class. 

Aoetio acid, CiH,0,. — The two methods by which acetic 
acid is exclusiveij- made are, — 

(1) fiy the oxidation of alcohol ; and 

(2) By the distillation of wood. 

When pure alcohol is exposed to the air it undei^oes no 
change. If, however, some platinum black be placed in it, 
oxidation takes place and acetic acid is formed. So also if 
fermented liquors which contain nitr<^enoua substances be 
exposed to the air, oxidation takes place, and the liquor becomes 
sour in consequence of the formation of acetic acid. A great 
deal of abetlc acid is made by exposing poof wine to the action 
of the air. The product is known as wine vitiegar. The for- 
mation of vinegar has been shown to be due to the presence of 
a microscopic organism {Mycoderma aceti) commonly known na 
" moth er-of- vinegar." This serves in some way to convey the 
oxygen from the air to tiie alcohol. The " quick- vinegar 
process," much used in the manufacture of vinegar, consists in 
allowing weak spirits of wine to pass slowly through barrels 
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filled with beech ehavinga which have become covered with 
Mycoderma aceti. The presence of the organiBm is secnred by 
first pouring strong vinegar into the barrels, and allowing it to 
stand for one or two days in contact with the shavings. 

When wood is distilled, a very complex mixtore passes over, 
one of the constituents being acetic acid. By keeping the tem- 
perature down comparatively low, the amount of acetic acid 
obtained is increased. The distillate is neutralized with soda 
ash, and the solution of crude sodinm acetate thus obtained 
evaporated to dryness. It is then treated with sulphuric acid, 
and distilled, when acetic acid passes over. 

Besides the two methods mentioned, there are two others 
which may be used for making acetic acid. One of them is a 
modification of a method referred to under formic acid, and, 
from the scientific stand-point, both are of great interest. 
They are,— 

(1) By treating carbon dioxide with a compound known 
as sodium-methyl, which may be regarded as marsh gas, in 
which one hydrogen is replaced' by sodium as shown in the 
formula CHaNa. 

COj + CHjNa = CHj.COjNa. 

(3) By treating methyl cyanide, CHgCN, with an acid or an 
alkali: — 

CHaCN + 2H^ = CHg.CO.H + NH,. 

This reaction is analogous to that involved in the formation 
of formic acid from hydrocyanic acid (see p. 56). 

Whether the acid is made from alcohol or from wood, it must 
be purified. For this purpose it is passed through charcoal and 
distilled. It still contains water, from which it cannot be 
completely separated by dietiliation. When cooled down to a 
sufiSciently low temperature it solidifies, and the water may 
then partly be poured off. By repeating the freezing, and 
distilling a few times, perfectiy pure, anhydi'ous acetic acid 
may be obtained. 
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Experiment 17. Hake pure acetic acid from the commercial sub- 
stance. First distil In fractloDS nntll a portion is obtained tliat bolls 
between 110' and 119°. Pnt tbe vessel containing this in Ice. The 
liquid will sqlldlfy almost completely. Poar off the little liquid n-hlch 
remains, and dlstiL 

Acetjo acid is a clear, colorless liquid, which boils at 110°. 
It has a very penetrating, pleasant, acid odor, and a sbarp acid 
taste. Tlw pure substance acta wpon the akin like formic acid, 
causing pain and raising Uisters. It solidines when cooled down, 
and the cryatals melt at 16.7°. The pure acid which is solid at 
temperatures below 16° is known as glacial acetic acid. Its speci- 
flc gravity is 1,08 at 0". It mixes with water in all proportions. 

Acetic acid is extensively used, chiefly in the dilute, impure 
form known as vinegar. Formic acid would answer perhaps ns 
well. It is used in calico printing in the foim of iron and alu- 
minium salts. With iron it gives hydrogen, which is needed in 
the manufacture of certain compounds used in making dyes, fis, 
for example, aniline. It is an excellent solvent for many 
Clonic sul>8tances, and is therefore frequently used in sci- 
entific researches. 

Derivatives of acetic acid. Acetic acid yields a very la^e 
number of derivatives. They may he considered briefly under 
two heads : (1) Those which are formed in consequence of the 
acid properties and which necessitate a loss of the acid proper- 
ties, as the salts, ethereal salt«, etc. ; and (2) those in which 
the acid piopertieB remain unchanged. 

Salts of acetic acid. The acetates of the alkalies were the 
first compounds of carbon ever prepared. Tha potassium and 
sodium salts are used in the chemical laboratory. Both crystal- 
lize, the sodium salt particularly well and easily. 

Lead acetate, (C^^,)sPb. This salt, which is commonly 
known as sugar of lead, is made on the lai^e scale by dissolv- 
ing lead oxide in acetic acid. It crystallizes well, and is solu- 
ble in 1.5 parts of water at ordinary temperatures. Commer- 
cial sugar of lead frequently contains an excess of lead oxide in 
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the form of basic salts. A solution of such a mixture becomes 
turbid when allowed to stand in the air, or gives a precipitate 
when dissolved in ordinary spring water, in consequence of the 
formation of lead carbonate. 

Copper acetaie, (C^l^^)!^''^- This salt may be made by 
dissolving copper hydroxide or carbonate in acetic acid. It 
crystallizes in dark-blue, transparent prisms. A ftosfc acetate, 
formed by tlie action of acetic acid on copper in the air, is 
known aa verdigris. 

Copier aceto-arsenite, 3 CuAajOj + (C,IIjOi)8Cu. This double 
ealt is formed by boiling verdigris and arsenio trioxide together 
in water. It has a fine brighfr^reen color, and is used as a 
coloring matter. It is the chief constituent of emerald green, 
or Schweinfurt'a green. 

Iron forma two distinct aalta with acetic acid, the ferrous 
salt, {CjHgOa)8Fe + 4 HjO, and the ferric salt, (C,HjOa)«F«t- 
The latter is formed when sodium acetate is added to an acidi- 
fied solution of a feme salt. At first the solution becomes 
dee[1^red in color ; but, on boiling, all the iron is precipitated 
as a basic salt. Hence this salt is used for the purpose of sep- 
arating iron from manganese in analytical operations. 

E^pertment 18. To a, dilate solntloD at ferric chloride, contained 
111 a small fiasb, add a little sulpbnric add and a solatlon of sodium 
acetate. Boil the red solution, and the basic Iron salt Is precipitated, 
leaving the solution colorless. Filter, and examine the Bltrate for Iron, 

The ethereal salts will be mentioned briefly when this class 
of bodies is considered. The principal one is ethyl acetate or 
acetic ether, which ia formed from acetic acid and ordinary alco- 
hol. When a mixture of these two substances is treated with 
sulphuric acid, the ether is formed and may be recognized by 
its pleasant odor. This fact is taken advantage of for the 
detection of acetic acid. 

ExperimeDt 19. To a mlxtnre of about equal parts of acetic acid 
and alcohol. Id a test-tube, add aUtUe concentrated sulphuctc acid, and 
notice the odor. It Is that of ethfl acetate or acetic ether. 
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Acetic anhydride or acetyl oxide, C.H,0,.— This sub- 
stance, whicli bears to acetic acid the relation of an anhydride, 
is made by abstracting water from the acid. 

2C^.O, = CHgOj + H/). 
Like other acids, acelic add contains hydrox.yl, aa will be 
shown below. We may hence represent the acid thus : 
CjHjO.OH. The part CjHaO is known as acetyl. Now when 
water is abstracted from the acid, the change takes place as rep- 
resented in this equation : — 

Hence, according to this, acetic anhydride appears as the oxide 
of acetyl, while the acid itself is the hydroxide. 

Acetic anhydride is a colorless liquid which boils at 138°. 
With water it gives acetic acid. 

Acetyl chloride, 0,HjOCl. "j Juat as alcohol, when 
Acetyl bromide, CHjOBr. > treated with phosphorus tri- 
Acetyl iodide, C]H,OI. J chloride, yields a chloride of 
ethyl, so acetic acid, when ti-eated with the same ret^ent, yields 
acetyl chloride. The character of the reaction is the same in 
both cases. It consists in the replacement of hydroxyl by 
chlorine. 

3 C^jO.OH + PC1» = 3 CaHjOCl + P(OH)s. 

Acdy] chlorida. 

Experiment 20. Arrange a drv distilling flssb, with condenser and 
dri/ receiver, under a hood or out of doors. Bring togcUier 9 parts 
(sBj 18CK) strong acetic acid and 6 parts (say 120() phosphoms tri- 
chloride. SUghtlj heat the mixture on the water-bath, when acetyl 
chloride will dlsHl over. Collect in a dry bottle. 

Acetyl chloride is a colorless liquid which boils at 55°. 
Water acts upon it very readily, acetic and hydrochloric acids 
being formed : — 

Cyi/)C1 + H^ = CjHbO.OH + HCl. 
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In this case the chlorine ia replaced by hydroxyl. As the sub- 
etance ia volatile, it fumes ia contact with the air in consequence 
of tlie forraalion of hydi-ochloric acid. It must be kept in 
tightly-Btoppcrcd bottles. lu handling it, care must be taken 
not to bring it near the nose, as its odor is very snffocating, and 
it attacks tbe mucous membranes of the eyes and nose, produc- 
ing coughing and other had results. 

Acetyl chloride is a valuable reagent much used in the exam- 
ination of compounds of carbon. Its value depends npon its 
action towards alcohols. When it is brought together with an 
alcohol, as, for example, methyl alcohol, hydrochloric acid is 
evolved, and the acetyl group takes the place of the hydrogen 
of the alcoholic hydroxyl : — 

CHj.OH + CHsOCl = CHj.O.CAO + HCl. 

The product is an ethereal salt, methyl acetate. This kind of 
action takes place whenever an alcohol is treated with acetyl 
chloride. Hence if, on treating a body with acetyl chloride, its 
composition is changed, showing that hydrogen is replaced by 
acetyl, we are justified in concluding that the body contains 
alcoholic hydroxyl. The bromide and iodide resemble the 
chloride very closely, 

Esperiment 21. Treat a few cubic centimetres of absolute alcohol 
with acetyl chloride. Notice the evoluUon of hydrochloric acid and 
the odor of ethyl acetate, 

SvhBtitution-prodiicts of acetic acid. These hear the same 
relation to acetic acid that the substitution-products of marsh 
gas bear to marsh gas. They are formed by tbe simple sub- 
stitution of a hal<^en, etc., for hydrt^ea. Only three of the 
four hydrogen atoms of acetic acid are capable of direct 
replacement. The fourth is the one to which the acid prop- 
erties are due. Hence the substitution- products are acid. The 
best known of these products are the chlor-acetic acids which 
axe made by treating the acid with chlorine. They are 
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mono -chior- acetic, di-cMor- acetic, and tri-cMor- acetic acida. 
Their formation ia represented by the following equations : — 

CH^O.OH + CI, = C^^CIO.OH + HCl; 
CiHjClO.OH + Clj = CjHCljO.OH + HCl; 
CaHCUO.OH + CI, = CjClsO.OH + HCl. 

When treated with nascent hydr<^en they are converted 
back into acetic acid. They yield salts, ethereal salts, anhy- 
drides, etc., just the same as acetic acid itself. 

Theory in regard to the relations between the acids, alcohols, 
aldehydes, and hydrocarbons. The reactions and methods of 
formation of acetic acid enable us to form a clear conception in 
regard to the relation of its constituents. In the first place 
the presence of bydroxyl is shown by the reaction with phos- 
phorus trichloride. We hence have CiHjO.OH as the formula 
representing this idea. But several questions still remain to be 
answered. There is another oxygen atom to be accouuted for ; 
and the relations between the hydroxyl and this oxygen must 
be determined if possible. The fact that this second oxygen 
is not readily replaced by chlorine indicates that it is not 
present as hydroxyl, and all methods of testing for hydroxyl 
fail to show its presence in acetyl chloride. Hence we may 
conclude that the second oxygen atom is present ae carbonyl 


CO. This leads us to the formula H - C - O - H for the simplest 
acid, or formic acid. Accordinglj", formic acid appears as 
carbonic acid, which we commonly represent by the formula 
O = C ^ , in which one hydroxyl has been reduced to hydn^en. 

We have already seen that this retluction can be accomplished 
without difficulty. Many other arguments might be brought 
forward in favor of the view that the above formulas express 
the relations between formic and carbonic acids. Now, as 
acetic acid is the homologue of formic acidg we have every 
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reason to believe that it differs from the latter in that it con- 
tains methyl in place of the hydrogen, which is in direct com- 
bination with carbon. It must hence be represented b; the 

O 
formula CH,.C-OH orCO^ '. The common constituent of 



the two acids, is the group C— O— H or — CO.OH, which is gener- 
ally known as carboxr/l. Acetic acid is closely related not only 
to formic but to carbonic acid. It may be regarded as carbonic 
acid, cOn , in which one hydroxyl is replaced by the radical 

methyl. In a similar way we shall see that aU organic acids 
may be regarded as derived either from formic acid or from 
carbonic aeid. 

Representing now the simplest hydrocarbon, alcohol, alde- 
hyde, and acid, by the structural formulas deduced from the 
facts, we have 



j-H |-0H 

Ih „Ih 



cloH 



U>nh giu. MeOiTl Hlcohol. 



Concerning the mechanism of the changes caused by oxida- 
tion, but little can be determined by experiment. We may 
regard methyl alcohol as the first and simplest product of 
oxidation of marsh gas. Staiijng with methyl alcohol, we 
might expect the next change to consist in the introduction 

, OH 
of another oxygen atom, giving a body cJ **^. But it ap- 



pears to be a law that, except under certain peculiar conditions, 
one carbon atom cannot hold two hydroxyls in combination, 
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itDd that, if such a body is formed, it loses the elements of 



f OH 



H + H,0. The result would be the 



aldehyde. This kind of change is illustrated in the formation 
of c^irbon dioxide from the salts of carbonic acid. Instead of 
getting the acid CO < ^„, which we would naturally expect, we 
get this minus wat«r : — 

C0<^^ = COj + H^. 

Now, when the aldehyde is oxidized, another oxygen atom is 
introduced, and the substance thus produced is an acid, or the 
hydroxy! bydrt^en can be replaced by metals, and has in general 
the characteristics of acid hj-drogen. As soon as we have car- 
bon in combination with oxygen as carbonyl, and also with 
hydroxyl, the substance containing the combination is an acid. 

(** 
If, finally, the acid C J OH be oxidized, it is probable that the 

(H 
same change takes place as when the alcohol is oxidized. That 
is to say, the hydrogen is probably replaced by hydroxyl, when 
a compound containing two hydroxyla in combination with one 
carbon atom would be the result. This would be ordinary car- 
bonic acid. But this breaks up into water and carbon dioxide, 
which, as we know, are the products of oxidation of formic 

All the many representatives of the great classes of carbon 
compounds known as the alcohols, aldehydes, and acids are 
closely related to the three fundamental suhatanees, methyl 
alcohol, formic aldehyde, and formic acid. Replace one of 
the hydrogen atoma of methyl alcohol by a radical, and we get a 

new alcohol, which may be represented by the formula C J g ■ 

is 

So also a similar replacement of a hydrogen atom in formic 
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fO 
aldehyde gives anoUier aldehjde, cJ H! and, finally, sswehave 

Ir 
Been, the acids ^of carbon may be represented by the formulae 

/O 
C \ OH, or B.CO.OH, or CO < ^ , which show their relations to 

(r oh 

forniic and carbonic acids. Hereafter, in writing tbe (ormulaa 
of members of the three great classes, the structure will be repre- 
sented by writing the hydrosyl group OH, the aldehyde group 
CHO, and the carbosyl groap CO. OH or CO2H, separfitely 
from the rest of the formula. 

5. Ethereat. Salts or Comfousd ErHEHa. 

Whenever an acid acts upon an alcohol, the acid is neutralized 
either wholly or partly, and a product analogous to the salte is 
formed. Thus nitric acid and ethyl alcohol give ethyl nitrate ; — 

CsH..OH + HNOj = C,H,.NO, + HjO, 
just as nitric acid and potassium hydroxide give potassium 
nitrate. It has been pointed out that the radicals, methyl, CHj, 
and ethyl, C^H,, take the part of metals in the ethereal salts. 
We may thus get a series of methyl and ethyl salts with the 
various acids. 

As regards the preparation of these compounds, it should be 
remarked that the action between an alcohol and an acid does 
not take place as readily as that between an acid and a metallic 
hydroxide. Only a few of the strongest acids act directly 
without aid. Such, for example, are nitric and sulphuric acids, 
though even the latter is not completely neutralized by action 
upon alcohols, as has already been seen in the preparation of 

ethyl-sulphuric acid, '^ > SO,, for the purpose of making ether. 
Plainly ethyl-sulphuric acid is an acid ethereal salt, analogons 
to acid potassium sulphate. Both are still acid, though both 
are likewise salts. 
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The methods which ma,; be used for preparing ethereal salts 
are the followii^ : — 

(1) Treatment of an acid with an alcohol. This is capable 
of only very limited application, as in the case of a few of the 
strongest acids. 

(3) Treatment of the chloride of an acid with alcohol. This 
ha3 been illustrated by the actioQ of acetyl chloride, CjHjO.Cl, 
upon methyl alcohol (see p. 62) : — 

C,Hj,Oa + HO.CH, = C^sO.OCHs + HO, 
or CH3.COCI + HO.CH, = CHj.COOCHa + HCl. 

(3) Treatment of the silver salt of an acid with a halogen 
substitution-product of a hydrocarbon. For example, ethyl 
acetate may be made by treating silver acetate with brom- 
ethane : — 

CHj.COOAg + CH^r = CHj.COOC^, + Agl. 

This reaction is well adapted to showing the relation between 
the salt and the ethereal salt, and leaves no room for doubt that 
' the two are strictly analogous. 

(4) Treatment of a mixture of an alcohol and an acid with 
dry hydrochloric acid gas or strong sulphuric acid. The forma- 
tion of ethyl acetate by this method was illustrated in Experi- 
ment 19, p. 60. The sulphuric acid facilitates the action by 
uniting with the alcohol to form ethyl-sulphuric acid, which with 
the acid gives the ethereal salt: — 

*^'^>S0. + CH,.COOH = CHs.COOCA + H^.. 

The action of the hydrochloric acid is not understood. It is 
possible that it acts upon the acids forming the chloride, and 
that this then acts upon the alcohol, forming the ethereal 
salt:— * 

CHj.COOH -I- HCl = CHj.COCl -f- H,0; 

CH,.C0C1 + C^^H == CH,.C0OC^, -(- HCl. 



KCtiDi^le 






68 DERIVATIVES OP METHANE ASD ETHANE. 

Among the more important ethereal salts of methyl and ethyl 
alcobola, the following may be mentioned : — 

, formed by mixing 

methyl alcohol and sulphuric acid. The acid itself, as well as 
its salts, is very easily soluble in water. 

Elthrl nitrate, CjHjNO,, formed by treating alcohol with 
nitric acid. Unless precautions are taken in mixing these 
ref^ente, complete decomposition of the alcohol will take place, 
and the action will be accompanied by a violent explosion. 

Bthyl-Bulphurio acid, ^'^ > SO,. Made in the same way 
as the methyl compound. 'Hie acid and its salts are easily sol- 
uble in water. When boiletl with water it is decomposed, 
yielding alcohol and sulphuric acid : — 

*^'^' > SO, + H^ = H^O. + C,H,OH. 

Bthyl sulphate, (CiHs):SO„ is made by passing the vapor 
of sulphur trioxide into well-cooled ether : — 

(CjH.)/) + SOj = (CsH.)!S04. 

Phosphoric acid yields ethyl pho»phaU, {CaHj)aPO,, di-ethyl-phoa- 
phoric acid, (C2HB)iHP0„ &nd elhyl-phoxphoric acid, CjHjHiPO,. 

There also are similar derivatives of arsenic, boric, silicic, and 
other mineral acids. 

Of the ethereal salts which the two alcohols form with formic 
and acetic acids, methyl and ethyl acetates are the best known. 
The methods of preparing them have already been considered. 
They are both liquids having pleasant odors. This is indeed a 
'characteristic of many of the volatile ethereal salts of the acids 
of carbon, and many of the odors of fruits and flowers are due 
to the presence of one or another of these compounds. Many 
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of them also are oaed for flavoiing purposes instead of the 
natural substances. 

Experiment 22. Make a mixture of 15 parts flSpg^ of ordinary 
coQcentratcd sulplmiic acid and 6 uarta (GOf) absolute alcohol. Add 
to it ij) parfji (lOQgj sodium scetste. DistEl from a flask. RedlsHI 
the dlsHDate, Tlie ethyl acetate thus formed bolls at 77°. Wliat 
reactions take place in this case? 

Decompoa&ion of ethereal salts. Salts of most metals are 
decomposed when treated with aa alkaline hydroxide, as caustic 
soda or caustic potash, tlie result being a salt of the alkali and 
the hydroxide of the repfaced metal, as seen in the case of 
copper sulphate and sodium Iiydroxide : — 

CuSOi + 2 KaOH = Cn(OH), + 2 Na^O.. 
So also the ethereal salts are decomposed when treated with the 
alkalies, tliough, as a rule, not as readily as salts. It is usually 
necessary to boil the ethereal salt with the alkali when decom- 
position takes place, the radical, like the metal, appearing in 
the form of the hydroxide or alcohol, and the alkali metal taking 
its place. Thus, when ethyl sulphate is treated with a solution 
of caustic potash, this reaction takes place : — 

{CsH.),SO, + 2 KOH = K^O. + 2 C^.OH ; 
and when ethyl acetate is treated with caustic soda, we have this 
reaction : — 

CHj.COOC^, + NaOH = CHj.COONa + CbH^H. 

Experiment 23. In a. 500« flask put 200" wat«r, 60* solid 
caustic potash, and 20™ ethyl acetate. Connect with an Inverted con- 
denser, arranged »a shown In Fig. 8. Boll gently for half au hour. 
Now connect the condenser with the flask for dUttlllug, and agaiaboIL 
Examine the distillata for alcohol. Acidify the contents of the flask 
with sulphuric acid, and again distil. What passes over? 

All ethereal salts are decomposed by boiling with the caustic 
alkalies. As this decomposition is best known on the large scale 
in the preparation of soaps, it is commonly called aapontfication. 
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As will be shown, Uie fats are ethereal salts, and soap-making 
conBistB in decomposing tJiese fats by means of the alkalies. 
Hence, generally, to aaponify any ethereal salt means to decom- 
pose it by means of an alkali into the corresponding alcohol and 
the alkali salt of the acid contained in it. 



6. KETONEa OR Acetones. 

When an acetate is distilled, a liquid passes oyer which has 

the composition CjEyD, and a carbonate remains behind. The 

reaction has been carefully studied, and has been shown to take 

place in accordance with the following equation : — 

The substance CjHaO is known as acetone. It is the best 
known representative of a class of bodies which are sometimeB 
called acetones, but more commonly ketones. 

Acetone, CiH«0. — This substance has long been known as 
a product of the distillation of acetates, as above stated. It is 
contained in lai^e quantities in the product obtained in the 
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distiUation of wood, and may be eepfirated from the mixture 
after the removal of the acetic acid. 

It may be purified by shaking a mixture contaimng it with a 
concentrated aolation of mono-sodium sulphite. It unites witii 
the salt, foimlog a compound analt^ua to tbat formed with 
aldehyde. The double compound may be separated, and when 
distilled with the addition of potassium carbonate acetone passes 
over. 

Acetone is a colorless liqnid having a penetrating pleasant 
ethereal odor. It boils at 56.3°. It is a good solvent for many 
carbon compounds, such as resins, fats, etc. 

On studying the conduct of acetone, it soon becomes evident 
that it more closely resembles the aldehydes than any otber 
bodies thus far considered. It is plainly not an acid nor an 
alcohol. It acts entirely different from either. It is not an 
ethereal salt, for on boiling with an alkali it does not yield as 
alcohol nor the salt of an acid. On the other hand, it unites 
with the add snlphites like the aldehydes. Further, when 
treated with phosphorus pentachloride its oxygen is replaced by 
two chlorine atoms thus : — 

C^O + PCI. = CsHjCl, + POCl, ; 

and when freated with nascent hydrogen, it is converted into a 
BQbstanoe having alcoholic properties. These facts lead us to 
the conclusion that the substance contains carbonyl, CO, as the 
aldehydes do, and we thus have the formula, CJEIjCO. The 
formation from calcium acetate leads further to the belief that 
the group C^H, really consists of two methyls, as the simplest 
interpretation of the reaction is represented thus : — 

^2^>Ca = 9^»>C0 + CaCO.. 
CHjCOO CH, * 

According to this, acetone is a compound of two methyl groaps 
and carbonyl, or it is carbon monoxide whose two aviulable 
affioitieB have been satjsfied by two methyl groups. 
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We maj test the coirectneBS of this view by meaDs of synthe- 
see. If it IB correct, it ivill be seen that acetone is closely 
related to acetyl chloride. It is acetyl chloride in which the 
chlorine has been replaced by meUiyl : — 

CII..CO.a CHj.CO.C^. 

Acetj'l cbloilds. A«(oiie. 

Now, when acetyl chloride is treated with zinc methyl, Za(CH3')„ 
it yields acetone according to this epilation ; — 

2 CHa.COa + Zn(CH3), = 2 CH,.CO.CH, + ZnCV 

Further, acetone may be made by treating carbon monoxide 
with sodium methyl, a direct addition of two methyl groups to 
carbon monoxide being thus effected. The relation between 
acetone and ordinary acetic aldehyde is like that of an ethereal 
salt to its acid; that is, acetone is aldehyde, CH,.COn, in 
which the hydr(^eQ has been replaced by methyl, CHa-CO-CHj. 

Like the aldehydes, the acetone has the power of taking up 
other substances, such as the acid sulphites, ammonia, hydro- 
cyanic acid, hydrogen, etc. This power is in some way con- 
nected with the relation of the oxygen to the carbon, which is 
the same in both compounds. Nevertheless, this condition of 
the oxygen docs not always carry with it the same power aa 
seen in the case of the acids which also contain carhonyl. 

By reduction with nascent hydrogen, acetone yields an alco- 
hol of the formula CaHeO, known as secondary propyl alcohol, 
which when oxidized yields acetone. In other words, the rela- 
tion between this alcohol and acetone is much the same as that 
between ethyl alcohol and acetic aldehyde. But while the alde- 
hyde by further oxidation yields acetic acid by simply taking 
np one atom of oxygen, acetone is decomposed by oxidizing 
agents, and yields acetic and carbonic acids. Towards oxidiz- 
ing agents, then, acetones (for it will be shown that other 
acetones conduct themselves in the same way) act entirely 
differently from the aldehydes. The alcohol above mentioned 
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as related to acetone is the eimpleet representative of a class of 
alcohols differing in some respects from tlie eubstances com- 
moalv Galled olcobob. 



We have thus considered the most important repreaentativea 
of six classes of oxygen derivatives of the hvdrocarbons, and, 
by a study of their chemical conduct and the methods available 
for their preparation, have formed views in regard to the rela- 
tions between them. In our ordinary language we may express 
these relations briefly thus : The alcohols are the hydroxy! 
derivatives of the hydrocarbons or the hydroxides of certain 
groups called radicals; the ethers are the oxides of these same 
radicals ; the aldehydes are compounds consisting of carbonyl, 
bydrc^en, and a radical ; the acids are compounds of carbonyl, 
hydroxy!, and a radical, or, better, they are carbonic acid in 
which hydrt^en and oxygen, or hydroxy], have been replaced 
by a radical ; the ethereal salts are compounds hke ordinary 
metallic salts, only they contain a radical in the place of the 
mcta! ; and, finally, the ketones are aldehydes in which the 
distinctavely aldehyde hydrogen has been replaced by a radical, 
or tbey are compounds consisting of carbonyl and two radicals. 

These ideas are expressed in formulas thus, R being any 
univalent radical like methyl, CHg, or ethyl, CiHa : — 



B (in which Ac— O— H is sup- 
posed to represent any monobasic acid) . 



Alcohol . . . 


. R-O-H. 


Ether . . . . 


. E-O-R. 


Aldehjde. . . 


. E-C-H. 


Acid . . . . 



. E-C-0- 


Ethereal salt . 



. Ao-O-B 
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CHAPTER V. 

BULPHDB DBRTVATTVBS OP MBTHANH AND 
BTHANE. 

1. Mehcaftaks. 
The Biniplest derivativeB of methane and ethane contaiDing 
Bulphnr are the so-called fnercoptofw or sulphur alcohols. The; 
may be niode by a method similar to one described tinder the 
head of Alcohols. When a ntono-halt^n derivative of a hydro- 
carbon, as brom-methane, CHgBr, is treated with the hydroxide 
of a metal, as silver hydroxide, AgOH, an alcohol is formed : — 

CHjBr + AgOH = CH,OH + AgBr. 

So, also, when a similar halogen derivative is treated with a 
hydrostdj^ude instead of a k^roxiiie, a compoand is obtained 
which we may r^^rd as an alcohol in which the oxygen has 
been replaced by snlphnr : — 

CHjBr + KSH = CH5SH + KBr. 
The compound is called a mercapt<m. 

Ethyl-meroaptan, C,H, . SH. — This substance may be pre- 
pared by treating iodo-ethane, CjHjI, with an alcoholic solu- 
tion of potassium hydrosulphide, KSH ; abo by distilling a 
mixture of the concentrated solutions of ixitassium etbylsul- 
phate and potassium hydrosulphide : — 
CjHj 
K 

It is a liquid of an eairemely disagreeable odor; it boils at 37° : 
and is difficultly soluble in water. 
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The name "mercaptan" was given to it on account of its 
action towards mercury. It readily forms a compound in which 
mercury takes the place of hydrogen, (C^,S},Hg. The name 
refers to its power of seizing mercury (mercuriue and co^an^) . 
It forms many other well-characterized metallic derivatives like 
this mercuiy compound. 

When tiie sodium compound of mercaptan ia exposed to the 
ajr, it takes up oxygen. So, also, when mercaptan itself is 
treated with nitric acid, it is oxidized, the product having tho 
formula CiHj . SO^H. It will thus be seen that, though in com- 
position mercaptan is analogous to alcohol, towards oxidizing 
agents it conducts itself quite differently. In the case of alco- 
hol two atoms of hjdrogen are replaced by one of oxygen. In 
the case of mercaptan three atoms of oxygen are added directly 
to the molecule. It will be shown that this new acid, which is 
called ethyl'Sulphonio add, bears to sulphurio acid a relation 
similar to that which acetic acid bears to carbonic acid; and 
that it beai-s to sulphurous acid a relation similar to that which 
acetic acid bears to formic acid. 

When treated with phosphorus pentachloride it yields a chlo- 
ride, CjHa . SOjCl ; and, when this is treated with nascent hydro- 
gen (zinc and hydrochloric acid) , it is reduced to mercaptan : — 

CjHj.SOjCl + 6 H = C^.SH -1- HCl + 2 HjO. 



2. Sulphur Ethers. 

Thei-e are compounds known similar to the ethers, containing 
sulphur in the place of the oxygen of the ethers- Such are 
methyl-sulphide, {CH,)sS, and ethyl- sulphide, (C^,)^. These 
are made by treating brom- or iodo-methane or ethane with 
potassium sulphide : — 

2 C^^ -f- K^ = (C^),S + KI. 

They are liquids of very disf^reeable odors. 
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3. Sdi-phonic Acids. 
It was stated above, that when mercaptan is oxidized it is 
converted into an acid of the formula CjHj . SO,H, or eihyl-svl- 
phonic acid. This ia the representatiTe of a large class of 
bodies which are commonly made by treating carbon comptounds 
with sulphuric acid. These sulphonic acids can best be studied 
in connectioD with another series of hydrocarbons. Under the 
head of Benzene (which see) it will be shown that, when this 
hydrocarbon is treated with sulphuric acid, a reaction takes 
place which may be represented thus : — 



CA 



HO 



The sulphonic acid thus obtuDcd may be made aJao by oxi- 
dizing the corresponding mercaptan or hydrosulphide, C(H, . SH. 
Accordingly, the sulphonic acid appears to be sulphuric acid in 
which a hydroxyl has been replaced by the radical CtH,. Rea- 
soniug by analogy, which, fortunately, ia supported by other 
arguments, we may conclude that ethyl-sulphonic acid formed 
from ethyl-mercaptan bears a similar relatioD to sulphuric acid, 
and corresponds to the formula ' '>S0,. So, also, methyl- 
Bulphonic acid obtained by oxidation of methyl-mercaptan 
should be represented by the foi-mula '>SOj or CH,.SO,OH. 
Its relation to sulphuric acid ia the same as that of acetic acid to 
carbonic acid. 

Another method by which the sulphonic acids may be prepared 
consists in treating a sulphite with a halc^en substitution-product. 
Thus ethyl-sulphonic acid may be prepared from potassium sul- 
phite and iodo-etliaae : — 

C,H^+ 5>S0, = '^'^»>SO, + KI, 
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According to this reoddoa the sulphuric acids would appear to 
be identical with the ethereal salta of sulphurous acid, but they 
do not conduct themselres like ethereal salts. The difference 
is particulai'ly notiL-eable in counectiou with the stability, the 
sulphonic acids as a class being much more stable thau the 
ethereal salts as a class. At present it would be somewhat 
premature to discuss fully the question as to their relations. 
Whatever we may call them, they are closely related to sulphu- 
rous acid, and are derived from it by replacement of hydro- 
gen by a radical, just as acetic acid may be regarded as derived 
from formic acid by replacement of hydrogen by a radical. 
These relations may be represented by the following form- 

... Sulphuric acid, ®*^'<oh' 

Formic acid, C0<^ . Sulphurous acid, ®'-*»'^nii' 

Acetic acid, CO < ^. "" 

Any carbonic j^^o^R ^ enlphonic acid, S0,<^„. 

acid, ) OH OH 

The difference between a sulphonic acid and an ethereal salt of 
sulphuric acid should be specially noticed. Compare for this 
purpose ethyl-sulphuric acid, ' r? > SOj, and ethyl-sul phonic 
acid, ' ' > SO,. Both are monobasic acids, and both contain 
ethyl, but there is a difference of one atom of oxygen in their 
composition. The reactdons of the substances are such as to 
lead to the conclusion that in ethyl-sul phonic acid the ethyl 
group is directly connected with the sulphur; whereas, that in 
ethyl -sulphuric acid the connectdon is established by means of 
oxygen. The strongest argument in favor of this view is 
perhaps that which is founded on the formation of the sulphonic 
acids by oxidation of the hydrosulphides or mercaptans. It 
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can hardly be doubted that in ethyl mercaptan the Bnlphnr is in 
direct oombination with the ethyl ; or, to go still farther, that 
it is in combination with carbon as repreBented in the formnla 

H 
H,C — C — S— H> Now, by oxidation of mercaptan, three atoms 

of oxygen are added, and the eimplest view we can take of the 
reaction ie that the enlphur ia left undietnrbed in ita relations to 
ethyl, bnt that it has taken np the oxygen, as represented in the 
formnla C,H,— SOfOH. As has been shown, the osygea can 
be removed again by nascent hydrc^en, and the resnlt is mer- 
captan. The study of the sulpfaonic acids in tbeir relations to 
snlphuric and sulphurous acids has been of considerable assist- 
ance in enabling chemists to form conceptions in regard to the 
TelationB of the constituents of the two latter. The view which 
is forced upon na by a consideration of the reactions described 
above is that sulphurous acid differs from sulphnric acid in 
containing a hydrogen atom in place of hydroxyl, as represented 

in the formulae SO, < and SO, < ; and, further, that in 
snlphurous acid one hydn^en is in combination with sulphur 
and the other with oxygen. 
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CHAPTER VI. 

NITEOGBN DEEIVATrVBS OF MBTHANH AND 
ETHANE. 

The simpleat compounds of owbon containing nitrogen are 
cyanogen and Iiydrocjanic acid. Strictly speaking, neither can 
be r^arded as a derivative of a hydrocftrbon, unless indeed we 
consider hydrocyanic acid as marsh gas, in which three hydro- 

(h 
gen atoms have been replaced by one nitrogen: C'-j and 



■|i. 



C I ■ That, however, is a mere matter of words, as there is 
nothing in the conduct of either substance, or in the methods of 
formation of hydrocyanic acid, that would lead us to snspect 
any relation between them. Though cyanogen and hydrocyanic 
acid are therefore not to be considered as derivatives of the 
hydrocarbons, they form the starting-point for the preparation 
of so many important compounds that they and their simpler 
derivatives must receive some consideration at this stage. 

Oyouogren, (ON),. — All organic compounds which contain 
nitrogen give sodium cyanide when ignited with sodium. So, 
also, potassium cyanide is formed when charcoal containing 
nitn^n is heated with potassium carbonate. Cyanogen itself 
is most readily made by heating mercuric cyanide, Hg(CN),. 
The decomposition which takes place is, in the main, like the 
simple decomposition of mercuric jxide in preparing o.Tygen : — 

Hg(CN),= Hg + (CN).; 
HgO - Hg + O. 
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But, in heating mercuric cyanide, a black solid eubstanoe, pont- 
cganogen, ia formed, and remains behind in the retort. It has 
the same compositioa as cyanc^en, and is therefore a polymeric 
modification. 

Cyanc^en is a colorless gas of a penetrating odor. It bums 
with a blue flame, from wliich fact it receives its name (Kvorot, 
blue) . It is Goeily soluble in water and alcohol, and it moat 
therefore be collected over mercury. It is extremdi/ poisonous. 

In aqueous solution, cyanogen soon undei^oes change, and a 
brown amorphous body is deposited. In the solution are found 
hydrocyanic acid, oxahc acid, ammonia, and carbon dioxide. 
A little dilute acid prevents this decomposition. 

Hrdrocyanio acid, HON This acid, which is com- 
monly known by the name of pnissic acid, occurs in nature 
in amygdalin, in combination with other substances, in bitter 
almonds, the leaves of the cherry, laurel, etc. It is prepared 
by decomposing metallic cyanides with hydrochloric acid, as 
represented in the equation : — 

KCN + HCl = KCl + HCN. 
It may also be made by treating chloroform with ammonia : — 

CHCl, + NHj = HCN + 3 HCl, 
or CHCta + 5 NHj = NH^.CN + 3 NH.Cl. 

It is a volatile liquid, boiling at 26.5°, which solidifies at — 15°, 
It has a very characteristic odor, suggesting bitter almonds. II 
is extremely poisonous. It dissolves in water in all proportions, 
and it is such a solution which is known as prussic acid. Pure 
hydrocyanic acid is very unstable. By standing, a brown body 
is deposited. By boiling with alkalies or acids, it b converted 
into formic acid and ammonia (see p. 50) . 

Hydrocyanic acid may be detected by the fact that when its 
solution is saturated with caustic potash, and a solution contain- 
ing a ferrous and a ferric salt added, a precipitate of Prussian 
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blue is formed ; or, by adding yellow ammonium sulphide to its 
solution, evaporating off the excess of ammonium sulphide, and 
then adding a drop of solution of ferric chloride. If hydrocy- 
anic acid wtiB present, tlie solution turns a deep blood red. 

Cyanides. — Hydrocyanic, like hydrochloric acid, forms a 
series of salts. They are called the cyanides. Only the cyan- 
ides of the alkali metals are soluble in water. The cyanides 
of the heavy metals have a marked tendency to form doable 
cyanides, and tliose double cyanides which contain an alkali 
metal are soluble in water. Hence, the precipitates formed by 
potassium cyanide, in solutions containing the heavy metals, are 
dissolved by excess of the cyanide. 

Among the best known double cyanides are the two salts, 
polasgium ferrocyanide and potassium ferricyanide. The former 
is commonly known as yelloto prussiate of potash, and the latt«r 
as 1-ed pruaaiate of potash. 

PotaBBium feirocyanlde, 4 K0N.Fe(0N), + 3 H,0. — 
This salt is made on the large scale by melting t^^ether, in iron 
vessels, refuse auimal substances (i.e., organic matter contain- 
ing nitK^en) with potassium carbonate and iron. The mass is 
treated with water, and the salt whicli is thus extracted puri- 
fied by crystallization. 

It crystallizes in large yellow crj'stals, and is soluble in about 
four pai-ta of water at 15°. 

When ignited, it breaks up according to this equation : — 

4 KCN.Fe(CN), = 4 KCN + FeC, + N,. 

This decomposition is made use of for the purpose of preparing 
potassium cyanide. As, however, a portion of the cyanogen is 
lost in this way, potassium carbonate is generally added, when 
the reaction represented by the following equation takes 

4 KCN. Fe(CN), + K^O, = 5 KCN + KCNO + CO, + Fe. 
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The potaaaium ci/anide made in this way always necessarily con< 
tains potassinm cyanate, KCNO. 

Experiment 24.' Make a mixture of 8 parts {IStM) dehydrated 
potaastiim ferrocranlde and 3 parts (eoi) drj potassiam carboaste. 
Fuse iu au iroii craclble, at a low red heat, nDtll a specimen taken 
oat and placed on a stone Is white when solid. Then pour oat on a 
flat, smooth atone, and allerwards break np and put Is a dry bottle. 

When treated with dilute sulphuric acid, ttie ferrocyanide 
yields hydrocyanic acid thus : — 

2 [4 KCN.Fe(CN)J + 8 H^. 

= 6HCN + 2[KCN.Fe(CN),] + 3 K^O.. 

This reaction is the one actually made use of for Uie prepara- 
tion of hydrocyanic acid. 

Potaeeium ferrocyanide is the starting-point for the prepara- 
tion of all compounds containing cyanogen. 

PotasBimn ferrioTcmide, 3 KGN.Fe(aN)i-— This salt, 
known as red prnsaiate of potash, ia prepared 6y oxidizing the 
ferrocyanide. The oxidation is effected most readily by meaoB 
of chlorine. 

Experiment 2S. Pass chlorine Into a solution of potassium ferro- 
cyanide until the solution ceases to give a precipitate with ferric chlo- 
ride. Then evaporate to crystotllEatlon. 

Other oxidizing agents, such as bromine, potassinm perman- 
ganate, lead peroxide, ete., effect the same transfoi-mation. 
The essential part of the change is that of the ferrous cyanide, 
Fe(CN)„ in the ferrocyanide, to ferric cyanide, Fe(CN)3, which 
is in the ferricyanide. Potassium ferricyanide is easily soluble 
in water, and crystallizes from its concentrated solutions in 
lat^e, dark-red crystals belonging to the rhombic sj'stem. 

In alkaline solutions it is an excellent oxidizing agent. 

■ EipecimeDla 24 snd 20 miy be pulponed UDtlJ urea li eotuldered, wlwd Oh; mmj 
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Reducing agents, snch as hydrogen snlphide, Bodium thio- 

sulphate (hyposalphite) , etx:,, convert it into the yellow salt. 

Prussian blue, TumbvM's blue, sohible Prussian blue, and 
Serlin green are complex cyanides of iron represented by the 
formulas 

iFe(CN),.3Fe(CN)„ 

3Fe(CN),.2Fe(CN)„ 

KCN . Fe(CN)3. Fe(CN)j, 
and Fe3(CN)g + 4 H^, reBpectively. 

For a fnll account of the many coiapounds of the metals and 
cyan(^n, the student is referred to taiger works. 

Cyanogen chlorides, —When chlorine ia allowed to act 
apon cyanidea or dilute hydrocyanic acid, a volatile liquid is 
formed which has the composition represented by the fonnula 
CNCl, It boils at 15.5°, and its vapor acts upon t!ie eyes, 
causing tears. It is known as liquid cyavogen chloride to dis- 
tinguish it from solid cyanogen chloride. The latter has tho 
formula (CN)jCl5, and is formed by treating anhydrous hydro- 
cyanio acid with chlorine in direct sunlight. The liquid variety 
is partially transformed into the solid when kept in sealed 
tubes. 

Similar componnds of cyanogen with bromine and iodine are 
known. 

Cyanic acid, COKH. — When a cyanide of an alkali is 
treated with an oxidiziug agent, it takes up oxygen and Is con- 
verted into a cyanate : — 

CNK + = CONK. 

Bxperimeat 26.' Heat a mixture of 8 parts (1601) dehjrdrateil 

potssslnm feiTocyanlde, and 3parts(60K) dry potattsimn carbonate In an 

Iron crnclble. When the traas format! on Into tlie cyanide Is complete 

(see Ex. 24, p. 83), take the crucible out of the furnace ; and, after It 

Sm Nom, p. n. 
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tias cooled down somewhat, bat while the iokbb Is still liqaid, add 
grada.-illj IS parts (SOOi) red lead, scirrlag durlog tlie operation. Pat 
Ihc cmclble again tu the furnace Tor a little while ; allow the reduced 
lead to settle, and then pour out the contents on a smooth stone. After 
the mass Is cold, break op and extract tbe cyanate with alcohol (of 86 
per cent). 

Cvanic acid cannot be separated from its salts, as it breaks 
Qp with water into ammoDia and carbon dioxide : — 

CONH + HJ3 = NH, + CO,- 

The potasaium salt is eaeily soluble in water, but ia easily 
decomposed by it, jielding ammonia and potassium carbon- 

' ~ CONK + 2 HjO = KHCO, + NH,. 

The most interesting salt of cyanic acid is ammonium ci/ana!e, 
CON.NH^. It may be made by adding ammonium sulphate to 
a solution of the potassium salt. It is easily soluble in water ; 
but, if allowed to stand in solution, or if its solution be heated, 
it is completely transformed into urea, which is isomeric with it. 
The interest connected with this transformation was referred to 
in the introductory chapt«r (p. 1). It will be considered more 
fully under the head of urea. 

Cya.nuric acid, CjNsHjOs- — This acid bears a relation to 
cyanic acid similar to that which solid cyanogen chloride, 
(CN),Cl3, bears to the liquid rariety. It is made by treating 
the solid chloride with water, and also by heating urea. It is 
a crystallized substance. 

Stilpho-oyanic acid, 0N8H.— Just as the cyanides of the 
alkalies take up oxygen and are converted into cyanates, so also 
tbey take np sulphur and are converted into sulpho-cyanates : — 

CNK + S = CNSK. 
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Kxperiment 27. Melt together In an iron cmcible 17 parts (S5t) 
dry potassium carbonate nnd 33 pnrts(160()sulphur, and then add 46 
parts (230«) powdered dehydrated potassium fcirocyanlde. Keep the 
mass at a low red heat until the rerrocyanide is destroyed. After 
cooling, extract with water, iientralize the Altered solution with sul- 
phuric acid, evaporate, and separate from potassium sulphate by means 
of nlcohol. 

Potasaium sulpho-cyanate crystallizes in long striated prisms 
without water of crystallization. It is deliquescent. When 
dissolved in water tlie temijerabire sinks markedly. When 100 
parts of water of 10.8° are mixed with 150 parts of the salt, the 
temperature sinks to — 23.7°. By evaporation of the solntion, 
the salt can be recovered. 

Experiment 28. Dissolve some potassium sulpho-cyanate In wat«r, 
and note the temperature before and after Introducing the salt. 

Ammoniitm sulpho-cyanate, CNS.NH,, This salt is most 
easily prepared by treating carbon bisulphide with a solution of 
* in dilute alcohol : — 



CS, + 4 NHj = CNS.NHi + (NH4)^. 

Experiment 29. Mix 240™ strong aqueous ammonia, 240"^ alcohol, 
and 60« carbon bisulphide. Allow the mixture to stand for one or 
more days. Then distil down to one-third of the original volume, and 
tilter while stOl hot the solution left In the A&sk. On cooling, ammo- 
nium sulpho-cyauato wiU crystallize out. 

The Bah crystallizes in plates. It melta at 147° (try it), 
and at 170° it is transformed into the isomeric substance known 
as aulpho-orea. (Analogy to transformation of ammonium 
cy a nate , ) 

Having thus considered some of the more important simpler 
cyan<^en compounds, we may now return to the nitrogen deriv- 
atives of the hydrocarbons. For conveniencBj these may be 
divided into three classes ; — 

(1) TTiQse which are related to cyanogen; 

(2) Those which are related to ammonia; 

(3) Those which are related to nitric add. 
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Methyl oyanide, CHj.CN,— This eomponnd is formed by 
distilling a mixture of jxttaBaiiim metliyl-sulpliate and potas- 
Bium cyanide : — 

*^>S0, + KCN = K^. + CH^N. 

It is a liquid boiling nt 62°. 

According to tbe method of preparation, it mnst be regarded 
as an ethereal salt of hydrocyanic acid, containing mcthjl in the 
place of the potassium of the potassium salt. 

Bthyl cyanide, 03s.0N.— Formed like the methyl com- 
pound. Also by heating chlor-ethane with potassium cya- 
nide : — 

C^j,Cl + KCN = CiHj.CN + KCl. 

It ia a liquid boiling at 98°. 

The two most characteristic reactions of these cyanides are 
(t) that which is effected b^ caustic alkalies, and (2) that 
effected by nascent hydrogen. 

When methyl cyanide is treated with canstic potash, it yields 
acetic acid and ammonia : — 

CHj.CN + H^ + KOH = CH,.CO^ + NH,. 

This reaction is strictly analogous to that which takes place 
with hydrocyanic acid yielding formic acid (see p. 56). In 
the same way ethyl cyanide yields an acid of the formula 
C,H^, (or CiHs-COjII). Thus, by making a cyanide, we have 
it in onr power to make an acid containing the same number of 
carbon atoms. 

This reaction, therefore, enables us to pass from an alcohol 
to an acid conttuning one atom of carbon more than the alsohol 
contains. It has been of great service in the study of the com- 
pounds of carbon. 
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Note for Stubent. — Show how, by starting with metbytalcohol, 
acetic acid ma; be made bj passing through the cyanide. 

There are two ways in which we may consider tlio cjanc^eu 
group linked to methyl in methyl cyanide ; viz., either by the 
carbon atom, as represented in the formiila HjC— C— N, or 
by Oie nitrt^n atom, ae represented thus, IIjC— N— C. The 
ease with which the nitrogen is separated from the compound, 
leaving the two carbon atoms together, ae shown in the reaction 
with, caustic potash, naturally leads to the conclusion that the 
former view is the correct one. If it is correct, it would appear 
to follow that in potassium cyanide the potassium is in combi- 
nation with carbon as represented in the formula ^— C— N, 
and further that in hydrocyanic acid the hydrogen is in combi- 
nation with carbon, as shown thus, H— C— N, 

In consequence of the close relation existing between the 
cyanides and the acids, the former are frequently spoken of as 
the nUriles of the acids. Thus methyl cyanide, which is con- 
verted into acetic acid by boiling with caustic potash, is called 
the nitrile of acetii; add, or aceto-nitrile. In the same way 
hydrocyanic acid itself may be regarded as the nitrile of formic 
acid, or form o- nitrile. 

When methyl cyanide is treated with nascent hydrogen, it is 
converted into a substance which closely resembles ammonia, 
and is known as ethyl-amine. It will be shown to bear to 

ammonia the relation indicated by the formula N ) H ; t'.e.,it 

(H 
is ammonia in which one hydrt^en has been replaced by ethyl. 
The reaction may be represented by the equation : — 

HjC-C-N + iH = H»C-IPC-NH, or N j h ■ 

Tliis transformation strengthens the conclusion already reached, 
that the two carbon atoms in methyl cyanide are directly united. 
If this were not the case, it is difficult to see how a compound 
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contaiaing ethyl in which the two carbon atoms are unquestion- 
ably united, could be formed so easily from it. 

Just as methyl cyanide yields ethyl-amine when treated with 
nascent bydn^en, so hydrocyanic acid yields methyl-amine 



H-C-N + 4H = H,C-NH, or N j h ■ 

The amiues, or substitated ammonias, will be considered mora 
fully hereafter. 

Ibocyahideh OB Carbahines. 
If, in making an ethereal salt of hydrocyanic from a salt, the 
silver salt be used, a compound ie obtained having the same 
composition as the cyanide, but differing very markedly from 
it. The substance thus obtained is called an iaoct/anide or car- 
bamine. 

Bthyl isocyanide or ethyl oarbaznine, C|Hg.NO. — This 
compound is obttuued when silver cyanide and iodo-ethane are 
heated together: — 

C»H^ + AgNC = C^NC + Agl. 

It is also formed when chloroform and ethyl-amine (see above) 
are brought tc^ether : — 

CHCl, + N] H = C,HiNC + SHQ. 

It is a liquid boiling at 79°. It is characterized by an unbear- 
able, indeacribaiile odor. The methyl compound obtained by 
the same method boils at 58° to 59°, but otherwise has proper- 
ties almost identical with those of ethyl isocyanide. 
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The reactions of these BubBtances are qnite differeat from 
those of the cyanides. They are decomposed only with great 
difficulty by the caustic alkalies ; but, when brought together 
with hydrochloric acid, they undergo an interesting change, 
which may be represented by the following equation for the 
methyl compound: — 

CHj.NC + 2HsO = CHa-NHj 4- H.COaH. 

Metb>'l-smlne. Fomilc aiM. 

This reaction indicates that in the isocyanides the cyanogen 
group ia united to the radical by means of nitrogen, as repre- 
sented by the formula HjC— N— C. Hence it is, in all proba- 
bility, that when they undergo decomposition the nitrogen 
remains in combination with the radical, while the carbon of 
the cyanogen group passes out of the compound. The conduct 
of ethyl isocyanide is represented by the equation : — 

CsH.NC + 2HjO = CjH,-NHa + H.COjH. 

The reactions of the cyanides and of the isocyanides, and 
the conclusions drawn from them, admirably illustrate the 
methods used in determining the structure of compounds of 
carbon; and they are specially valuable, as the connection 
between the facts and the conclusions, as expressed in the 
formulas, can be traced so clearly. 

The fact, that the silver salt of hydi-ocyanic acid yields iso- 
cyanides, while the potassium and other salts yield cyanides with 
the hal(^en derivatives of the hj-drocarbons, leads ns to suspect 
that in silver cyanide the metal may be in combination with 
nitrogen and not with carbon. There are other facts known 
which indicate a tendency on the part of silver to unite with 
nitr<^en in carbon compounds. It would lead too far to discuss 
this subject here. 

It seems possible that isomeric salts of cyanogen may be dis- 
covered corresponding to the cyanides of the radicals and to the 
iaocyanides. There is no fact known which makes the exiat- 
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ence of two potassiam cyanidea and two silver cyanides seem 
improbable. The two series of salts would be derirativeB 
of hydrocyamc acid, H— C— N, and isohydrocyanic acid, 
H-N-C. 

Experiment 30. The odor of the Isocyanldes, as has been stated, 
Is extremelr disagreeable, and in concentrated form it Is onbearable. 
A Tlvld impression in regard to this property may be produced by tie 
following experiment. In a test^tnbe bring together a little chloroforni, 
aniline, and alcoholic potash. The reaction takes place at once. It Is 
better to perrorm the experiment out-of-doo/s, and in sach a place that 
the tnbe with its contents can be thrown away without molesting any 
one. The aniline used is a substituted ammonia analogous to methyl- 
amine, containing the radical CjHj in place of methyl. The Isocyanlde 
(ormed lias the formula CjH^.NC. 



CtANATES Airo IsOCTANATES. 

There are two series of compoiinda bearing to cyanic acid 
much the same relation as that which the cyanides and isocyan- 
ldes bear to hydrocyanic acid. 

In the cjfanates, which are made by passing cyanogen chloride 
mto the alcohols (CHjOH + CNCl = CHjOCN + HCl) , the radi- 
cal is believed to be united to the cyanogen group by means of 
oxygen, as represented in the formula CHj — O— CN. 

In the isocyanates (first called cyanates), on the ottier hand, 
the radical is believed to be united to the cyanogen by means 
of nitrogen, as repreeetrted thus, CHj— N— CX). The iaocyan- 
ates are made by distilling potaasium cyanate with the potassium 
salt of methyl- or ethyUeulphurie acid. They may be made also 
by bringing blether the iodides of radicals, as iodo-metfaane 
and silver cyanate. They are very volatile substances, which 
have penetrating and suffocating odors. 

One of the principal reactions of the cyanates is that which 
they undergo with caustic alkalies, hydrochloric acid, etc. They 
yield cyanic acid, and a compound containing the radical which 
they contained. 
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The isocj-anates readUy yield substituted ammonias, Just as 
the iaocyanidea do : — 

C;h,_N_CO 4- HjO = CjHj.NH, + CO,; 
CHs -N-CO + HjO = CH3.NH5 + CO,. 

The views held in regard to the structure of the cyanates and 
isocyanates are based upon these reactions, which, as will be 
observed, are very . similar to those more fully considered in 
discussing the diSerence between the cyanides and isocyanides. 

The existence of two cyanic acids, and of two series of salts 
derived fram them, seems probable. 

StI LPHO-CTANATES . 

The ethereal salts of sulpbocyanic acid are easily made by 
distilling potassium sulphocyanate and the potassium salt of 
methyl- or ethyl-sulphuric acid ; — 

*^^'> SO, + KSCN = CH3SCN + K^O.. 

The ethyl compound, which, is very similar to the metiiyl com- 
poand, is a liquid boiling at 146°. 

When boiled with nitric acid, it is oxidized to ethyl-sulphonic 
add. Now, it has been shown above (see p. 77), that in ethyl- 
sulphonic acid the ethyl in all probability is in combination with 
the sulphur. It hence follows that, in the sulphocyanates 
obtained from potassium sulphocvanate, the radical is also 
in combination with sulphur, as indicated in the formula, 
C^B— S~CN. This view is supported by the fact that ethyl 
sulpho-cyanate readily yields ethyl sulphide as a product of 
decomposition. 

ISO-SULPHO-CTANATES OR MdSTARD-0iL8. 

A number of compounds are known isomeric with the aulpho- 
cyanates. The beat-known member of the clasa is ordinary 
muataTd-oU. Hence tiiey have been called mttstard-oHa, and 



D,gn,-.rihyGOOgle 



92 DEBIVATIVES OF UETHASE AND ETHANE. 

they are knowD most frequently by this name. The mnstsrd- 
oUs are made by means of a. series of somewhat complicated 
reactions, which it is rather difficult to interpret without a com- 
parison with some similar reactions which take place between 
simpler substances. 

When dry ammonia and dry carbon dioxide act upon each 
other, so-called anhydrous ammonium carbonate is formed. This 



NH, 



is really the ammonium salt of carbamic acid, CO < 
formation is represented thus : — 



Now, remembering that carbon bisulphide is similar to carbon 
dioxide, and that ethyl-amine is similar to ammonia, we can 
readily understand the reaction which takes place when these 
two substances are brought tt^ether: — 

The product formed is the ethyl-ammonium salt of liie acid 
CS< ' ', which maybe called ethyl-sulpho-carbamio acid. 
When the ethyl-ammonium salt is treated with silver nitrate, the 
corresponding silver salt, CS< ' ', is precipitated. And 
finally, when this salt is distilled, it breaks up, yielding ethyl 
■mustard-oil, silver sulphide, and hydrogen sulphide ; — 

2 CS < NHCsHj ^ sC-NCjH. + HjS + AgS. 

SAg 

Ethyl mustard-oil is au oily liquid which does not mix with 
water. It has a very penetrating odor, and acta upon the 
mucous membranes of the eyes and nose in the same way as 
ordinary oil of mustard. The properties of the two are so much 
alike that one could be substituted for the other. 
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Some of tiie arguments have been stated which lead to the 
Tiew that in the salpho-cyanates the radical is in combination 
with sulphur. Having once accepted this view, we would 
naturally suspect that in the mustard'Oils the radical is in com- 
bination with nitrogen, and the question arises whether the 
reactions of these bodies are of such a character as to justify 
this suspicion ? They certainly are. In the first place, when 
heated with water or with hydrochloric acid, ethyl mustard-oil is 
decomposed, yielding ethyl-amine, carbon dioxide, and hydrogen 
sulphide : — 

SC-N<Vl5 + 2 H^ = CaHj.NH, + HjS + CO,. 

And, in the second place, nascent hydr(^en converts it into 
ethyl-amine and formic thioaldehyde (i.e., formic aldehyde in 
which the oxygen has been replaced by sulphur) : — 
SC-NCtH. + 4 H = CjH.-NH, + HjCS. 
Thus, as will be seen, the tendency of the sulpho-cyanates is to 
yield sulphides of the radicals like ethyl sulphide, (CiHj)jS ; 
the tendency of the iso-sulpho-cyanatcs is to yield substituted 
ammonias, like ethyl-amine NHj.CjHj. These facts point to 
the relations expressed in the formulas, E— S— CN for the 
sulpho-cyanates, and E~N— CS for the iso-sulpho-cyanates or 
mustard-oils. 

In reviewing now the compounds of the hydrocarbons which 
are related to cyanogen, we see that there are two isomeric 
series of these, the names and general formulas of which are 
given below : — 

Cyanides, E—C—N . . . Isoeyanides orlD_ji_fi 
Carbamines, ) 

Cyanates,E-0-CN . . . Isocyanates, E— N-CO. 

Sulpho-cyanat«s,R— S— CN . Iso-sulpho-cyan- - 

ates or Mus- f- R-N-CS. 
tard oils. 
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Note fob Stddent. — Study these componnds antU the exact con- 
nection betneea the formolas and the facts above stated Is clearly 

SuBsriTDTED Amkonias. 
When brom-ethane or any eimilar eubBtitution-prodnct is 
treated with ammonia, the reactions represented by the follow- 
iDg equations take place step by step : — 

C3,Br + NH. = NH,(C,H.).HBr; 

CjHjBr + NHj(CjH,) = NH(CjH.)i,.HBr; 
C^jBr + NH(CsH,), = N(C^,),.HBr; 
C^^r + N(CiH,), = N(CjHs)3r. 

The first three prodacts are salts of hydrobromic acid, and 
bodies which in all their properties very closely resemble 
ammonia. When tliese salts are distilled witli potassium 
hydroxide they are decomposed, juet as ammonium bromide 
would be. Only instead of getting ammonia and potassium 
bromide, we get the compounds effty^amine, NH,.CjH,, di-etkyl- 
amine, NII(CaII,)s, and Iri-etkyl-amine, N(C2H,)3. These 
substances may be regarded as derived from ammonia by the 
replacement of one, two, and three of the hydrogen atoms 
respectively by ethyl. The last product of the series of reac- 
tions represented above may be regarded as ammonium bromide, 
NHiBr, in which all four hydrogen atoms are replaced by ethyl 
groups. 

The decomposition by potassium hydroxide of the first two 
salts is represented thus : — 

NHs(CjHs).HBr + KOH = NH,(C^) + KBr + H/); 

NH(CsH,)s.HBr + KOH = NH(CaH,), + KBr + HjO. 

Methyl-amine, NHj-OHj This compound may be pre- 
pared by treating iodo-methane with ammonia ; — 
CHjI + MHj = NHjCHj.HI. 
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It waa flrBt made by treating methyl ieocyanate, CHg— N— CO, 
with caustic potash : — 

CH,-N-CO + H,0 = NHj.CH, + COj. 

It has been stated that it is formed by treating hydrocyanic 
acid with nascent hydii^en : — 

HCN + 4H = NHj.C^. 

It occnrs in nature in herring brine, and is one of the products 
of the distillation of animal matter as well as of wood. It is 
now prepared on the lai^ scale from certain waste products 
obtained in tiie refining of beet sogar (see Tri'inethyl-amme) . 

Methyl-amine is a gas not easily condensed to a liquid. It 
Bmells like ammonia. It is, like ammonia, extremely easily 
soluble in water, 1 volume of water at 12.5° taking up 1150 
Tolnmes of the gas. This solution acts almost exactly like a 
solution of ammonia in water. It is strongly alkaline. It pre- 
cipitates the metallic hydroxides, but, unlike ammonia, it does 
not redissolve precipitated hydroxides of nickel, cobalt, and 
cadmium when added in excess. Further, aluminium hydrox- 
ide dissolves in methyl-amine, but not in ammonia. 

Methyl-amine forms salts with acids in the same way that 
ammonia does ; that is, by direct ftddition. The action towards 
nitiic and sulphuric aoids takes place in accordance with the 
following equations : — 

NHjCHg + HNOj = NHsCHj.NOa; 
2 NHjCHj + USO, = (NH3CHj)jS04. 

These salts are called methyl -ammonium nitrate and methyt- 
anmioninm sulphate respectively, 

Di-methyl-anune, NHCOHj)j. — This is formed by heating 
iodo-methane with alcoholic ammonia : — 

2CH,I + 2NH, = NH(CII,)j.HI + NHJ. 
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It is formed, ti^ether with m^thyl-iamad, as a product of the 
distillation of wood. 

It is a gas whicli (.<onden8es to a liquid at + 8°. Its proper- 
tieB are much like those of methyl-amiDe. 

Tpi-methyl-amine, NCOH,), Tri-methyl-amine is formed 

as ooe of the products of the treatment of iodo-metbane irith 
ammonia. It occurs widely distributed in nature, as in the 
blossoms of the hawthorn, the wild cherry, and the pear. It 
is contained in herring brine, and is a common product of the 
decomposition of organic substances which contain nitrt^en. It 
is now obtained in large quantities from the so-called " Tin- 
asses. " These are the wast« liquids obtained in the reflning of 
beet sugar. When the " viuasses " are evaporated to dryness, 
tri-methyl-amine is given oS among the volatile products. It is 
collected as the hydrochloric acid salt, N(CHb)j.HC1, which, 
when heated to 260°, yields ammonia, tri-methyl-amine, and 
chlor-m ethane ; — 

3 N(CH,)s.Ha = 2 N(CHj), + NH, + 3 CHjCI. 

The chlor-methane is utilized for the . purpose of producing low 
temperatures. 

Tri-methyl-amine is a liqnid boiling at 9° to 10°. It has a 
strong ammoniacal and fishy odor. It is very soluble in wat«r 
and alcohol, and is a strong base. It is used in the prepara- 
tion of potassium carbonate, by the Solvay process. In making 
sodium carbonate from the chloride by this method, acid' ammo- 
nium carbonate is brought together with the chloride. Thus 
mono-sodium carbonate is precipitated, and ammonium chloride 
is left in solution. But mono-potassium carbonate and ammo- 
nium chloride are about equally soluble, so that potassium car- 
bonate cannot be prepared in the same way. On the other 
liand, if tri-methyl-amine be substituted for ammonia, the sepa- 
ration can be effected, inasmuch as tri- methyl-ammonium chlo- 
ride is more soluble than ammonium cliloride. 
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NoTK FOB Student. — Write the equations representing the reac- 
tions involvcii In making potosslnm carbonate ftom potosslom chloride 
by means of tri-methjl-amiae, 

The ethyl-amines are veiy mnch like the methyl compounds, 
and hence need not be specially described. 

When tri-efhyl-amine is brought together with iodo-ethanc, 
the two unite, forming the compound tetra-«thyl-ammonitim 
iodide, N(CiHi) J, which is ammonium iodide, iu which all foQr 
hydrogen atoms have been replaced by ethyl groups. If silyer 
oxide be added to the oqueooB solution of the iodide, silver 
iodide is precipitated, and by evaporation of the liquid crystals 
of t^ra-ethyl-ammoiiium hydroxide, N(CiIIa),OH, are obtained. 
This is plainly the hypothetical ammonium hydroxide, in which 
the four anmioniuQ) hydrogens have been replaced by ethyl. 
Ba solution cuia almost like cavsttc potash. It is very caustic, 
attracts carbon dioxide from the air, saponifies (see p. 70) 
ethereal salts, and gives the same precipitates as caustic potash. 
The reactions of the substituted ammonias above described 
make it certain that these bodies are very closely related to 
anuDonis. The methods of formation also point clearly to the 
same conclusion. This relation is best expressed by the form- 
ulas above given. 

Another method for the formation of substituted ammonias 
in which but one radical is present, as ethyl-amine, NHj.CiH,, 
or in general NHj . R, consists in treatii^ with nascent hydro- 
gen compounds known as nitro compounds, which are substitu- 
tion-products containing the group (NO,) in the place of 
hydrogen. Thus, for example, when nitro-methane, CHj.NOt 
(which see), is treated with hydrogen, the reaction which takes 
place is represented thus : — 

CHg.NO, -f- 6H = CHj.KHj + 2 H^. 

In connection with another series, it will be shown that this 
reaction is a most important one, from the practical as well as 
the scientific stand-point. It may be said in anticipation that 
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the muiafactDre of aniline, and consequently of all the many 
valaable dye-stuffs related to aniline, is based npon tfats reac- 
ticm. 

Jnat as we may look upon ethjl-amiDe and the related l)odiea, 
as ammonia, in which one hydw^en atom is replaced by ethyl, 
so also we may regard them, and with equal right, as marsh 
gas, in which bydrt^n has been replaced by the group or resi- 
dae NH,. Owing 1o the frequency of the occurrence of this 
group in carbon compounds, and for the sake of simplifying the 
nomenclature, the group has been called the amide or amido 
group, and the bodies containing it amido-compounda. Thus 
the compounds NH^ . C^Hg may be called eiOier ethyt-amine or 
omtdo-efAane, ete. 

Similarly, those bodies which contain two hydrocarbon resi- 
dues, as di-ethyl-amiue, NH(C2Hi)i, are called imido-^ompounda, 
and tiie group NH the imtde or imido group. Substituted 
ammonias containing one hydrocarbon residue are called pri- 
mary ammonia bases. Those cont^ning two residues, as di- 
ethyl-amine, NH(CtH,)j, are known as secondary ammonia 
bases, and those containing three reBidnes, as tri-ethyl-amine, 
N(CHs)s, are called tertiary ammonia bases. 

Among the most important of the reactions of amido-com- 
pounds or primary bases is that which takes place when they 
are treated with nitrons acid. Take ethyl-amine ae an illustra- 
tion. In order to understand what takes place when this 
compound is treated with nitrous acid, it is necessary to keep 
in mind the fact that the compound itself is a modified ammo- 
nia, and hence we may expect that its reactions wiU be but 
modifications of those which take place with ammonia. Thus 
with nitrons acid anmionia unites directly to form ammoninm 
nitrate ; — 

NH, -I- HNOj = NH^.NO,. 

So also ethyl-amine forms ethyl-ammonium nitrate : — 

NH,.C^ -I- HNO, = NH3(CA).N0,. 
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Now we know that ammonium nitrate breaks up readily into 
free nitrogen and water : — 

NH..NOs = N, + H^ + H^. 
So also ethyl-anunonium nitrate breaks up into free nitrogen, 
water, and alcohol: — 

NH.(CiH,)NO, = Nj + H^ + C^-OH. 

The two reactiona are strictly analogous. As in the second case 
we start with a substituted ammonia, we get as a product a 
substituted water or alcohol. 

This reaction has been used very extensively in the prepara- 
tion of bodies containing hydroxyl. For ordinary alcohol, as 
is clear, it is not a convenient method of preparation ; but it 
will be shown that there are hydroxides for the preparation of 
which it is by far the most convenient method. The essential 
character of the transformation effected by it will be best imder- 
stood by comparing the formulas of the amide and the alcohol. 
We have ethyl-amine, CiH,.NH„ and from it we get alcohol, 
C,H|.OH. Thus we see that tlie transformation consists in 
replacing the amido-group by hydroxjl. 

HlSKAZDfB COUPOCNDS. 

Of late a class of bodies has been studied, the members of 
which bear the same relation to the hypothetical body, N,H, 
(or HtN* — NH,) , that the substituted ammonias bear to ammo- 
nia. The reactions by which Ihey are prepared are somewhat 
complicated, and they do not play an important part in the 
study of carbon compounds. A mere mention of their exist- 
ence will therefore sufSce for our present purpose. 

Mrnio-C ompocnds , 
Reference has already been made to a class of bodies con- 
taining the group NOj, and known as nitro-compounds. They 
are most readily made by treating the hydrocarbons with^nitric 
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acid. This method, however, is not applicable to Ihe hydro- 
carbons methane and ethaue and their homolognes, as these may 
be treated with nitric acid without undergoing change. The 
hydrocarbon benzene, C,He, is acted upon very easily by nitric 
acid, when the reaction represented by the following equation 
takes place : — 

CH, 4- HO.NO, = Cfli.NO, + H/). 

The action is like that which takes place betweeu sulphuric 
acid and benzene, which gives tiie sulphonic acid CfHi-SOiOH 
or ' '>SOj. (See p. 76.) In each case a hydroxjl of the 
acid is replaced by the simple residue of the hydrocarbon. The 
product in the case of the bibasic acid, sulphuric acid, is itself 
still acid, while the product in the case of the monobasic nitric 
acid, is not an acid. 

The nitro-derivatives of metbaoe have been made by a reac- 
tion which we would expect to yield ethereal salts of nitrous 
acid; namely, by treating iodo-methane or ethane with silver 
nitrite : — 

CH,I + AgNO, = CH^O» + Agl. 

The compound GHj.NO,, which ia kuown as nilro-methane, 
does not conduct itself like the ethereal salts of nitrous acid. 
The latter are unstable bodies, while the former ie stable. 

Note for Student. — Compare the reaction Just referred to with 
that which tafees place between silver cyanide and iodo-methane; and 
that which takes place between iodo-ethane and potaaainm Bo^hlte. 
What analogy is there to the former and to the latter? 

It has already been stated that the nitro-derivatives are con- 
verted by nascent hydrogen into the corresponding amido- 
derivatives (see p. 97). 

Note for Student. — Write the eqnaUons representing the reac- 
tions necessary to convert methyl alcohol into methyl-amine by means 
of Ui&nitro-compound. 
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Nitroform, GHCNO,),, as the formula indicates, is the tri- 
nitro-derivative of methane, or tri-nitro-me thane. It ia eon- 
verted into tetra-nitro-methane, C(NOi)„ when treated with a 
mixture of concentrated sulphuric and fuming nitric acids. 

Nitro-ohloToform, C(NO,)Cli, called also chlorpicrin and 
nitTO-tricldormethane, ia formed by distilling methyl or ethyl 
alcohol with common salt, saltpetre, and sulphuric acid. It id 
formed from a number of more complicated nitro-compounda, 
by distilling them with bleaching lime or hydrochloric acid and 
potassium chlorate. 

NrrRoso- and Thonitroso-Cokpoiihds. 

When a compound containing the group CH is treated with 
nitrous acid, a reaction takes place, which b represented thus : — 

E.CH + HO. NO = E.G. NO + H/). 
The product R.C.NO, which is derived from the original sub- 
stance by the substitution of the groap NO for a hydr<^en 
atom, is called a nitroso-compound. By oxidation the nitroso- 
compounds are converted into nitro-compounds, and by redac- 
tion they yield the same products as the corresponding nitro- 
comjwnnds. 

The isonitroso-compouude are isomeric with the nitroso-com- 
ponnds. They are formed whenever acetones or aldehydes are 
treated with hydroxjlamine, NHg.OH. Assuming that the 
latter substance is really a hydroxjl derivative of ammonia, the 
reaction may be represented thus : — 

CH, CHj 

I I 

CO -I- HJJI.OH = C-N-OH + HjO. 

I' I 

CH, CHa 

The hydrogen of the hydroxyl has acid properties. The iao- 
nitroso-compounds are readily broken up, yielding, as one of 
the products, hydroxvlamine. .-, , 
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Pulminio aoid, CiNiOiH,, according to recent inTeetiga- 
tioDS, appears to be aa isonitroao-oompoaDd, and for that 
reason finds appropriate mention in this place. Tlie principal 
compound of fulminic acid, is the mercury salt, CiN^iHg, 
commonly known as fulminating mercitry. It is prepared by 
dissolving mercury in strong nitric acid, and adding alcohol to 
the aolntion. It is extremely explosive. Mixed with potassinm 
nitrate it is used for filling percnssion-caps. 

When fulminating mercury is treated with concentrated hydro- 
chloric atud, it yields hydroxylamine as one of the products of 
decomposition. This is regarded as evidence that falminic acid 
is an isonitroso-compound. As will be seen, fulminic acid is 
isomeric with cyanic and cyanmic acids (see pp. 83 and 84). 
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CHAPTER Vn. 

DHBIVATrVBS OF METHANE AND BTHANH CON- 
TAENING- PHOSPHORUS, ABSBNIC, BTO. 

Phosphoma compounds. —Corresponding to the amines or 
substituted ammonias are the phosphines, which, as the name 
implies, are related to phosphine, PHj. Methyl-phosphine, 
PHs.CHg, di-methyl-phosphine, PH(CHa)E, and tri-methyl- 
phosphine, P(CHj)a, may be taken as examples. 

These substances, like the corresponding amines, form salts 
with acids, though not as readily. Tlie hydroxide, tetra-ethyl- 
phosphfmium Aydroaii'tZe, P(CJIs).-OH, is a very stroDg base, 
though not as strong as the corresponding nitrogen derivative. 

The phosphines have one marked property which distin- 
guishes them from the amines, and that i» their power to take 
np oxygen and form acids. Thus, ethyl-phosphine, PH,.CaH,, 
when treated with nitric acid, is converted into methyl-phos- 
pkinic acid, PO{CjHj)(OH)j, a bibasic acid, bearing to phos- 
phoric acid the same relation that the stdphonia adds bear to 
sulphuric add. 



Di-ethyl-phosphine, PH(CjHj)2, yields di-eikyl-pho»phinw add, 
PO(C,Hi)s.OH, when oxidized. 

These compounds are not commonly met with, and do not 
play a very important part in the study of the compounds of 
carbon. 

Arsenic compounds. — The most characteristic carbon 
compound containing arsenic is that which is known as cacodyl. 
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a name given to it on account of its extremelj disagreeable 
odor (from KaKwSi;;, Stinking) . It is prepu'ed by distiUing a mix- 
ture of potaesima acetate and arsenic trioxide. The reactions 
wtiich take place are very complicated, and many products are 
formed. Chief among the products is cuLcodyl oxide : — 

4CH,.C0aK + AsA = [(CH3)^b]^ + 2 K^O, + 2C0,. 

When treated with hydrochloric acid, the oxide is converted 
into the chloride (CH3}iABCl ; and, when the chloride is treated 
with zinc, cacodyl itself is produced. Its analysis and the 
determination of its molecular weight lead to tbe formula 
As^iHi:, which in all probability should be represented thus: 
(PH 1 A* I . Cacodyl appears thus as a compound analogous 
to the hydrazines referred to above. (See p. 99.) 

Note for Stiidbnt. — In what does the analog; consist? 

Many derivatives of cacodyl have been made, but their study 
would hardly be profitable to the beginner. 

By treating the chlorides of silicon, boron, and many of the 
metals with zinc ethyl, Zn(CjHg)2, many similar ethyl deriva- 
tives have been made. 

Zino ethyl itself is made by treating iodo-etbane, C,H(I, 
with zinc alone or with zinc sodium: — 

ZnNaa + 2 C^J = Zn(CA), -|- 2 Nal. 
It is a liquid boiling at 118°. It takes flre in the air, and bums 
with a white flame. 

Sodium-ethyl, C^HgNa, may be obtained in combination 
with zinc ethyl hy treating the latter with sodium. Both these 
compounds have been used to a considerable extent in the syn- 
thesis of carbon compounds, paitic-ularly the more complex 
hydrocarbons, and they will be frequently referred to in the 
following pi^es. 
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NoTB FOB Stodunt. — What is formed wbeu sodium metbjl and 
carbon dioxide are allowed to act apon each other? 

Many of the derivativea, like the above, are volatile liquids. 
Snch, for example, are mercury ethyl, Hg(CjH,),, aluminium 
ethyl, Al(CsHj)„ tin tetrethyl, Sn(CjH,)4, and silicon tetrethyl, 
Si(C^,)t. The etndy of these compounds has been of assist- 
ance in enabling chemists to determine the atomic weights of 
some of the elemeuts which do not form simple volatile 
componnds. 

Retrospect. 

In the introductory chapter (p. 19) these words were nsed ia 
describing the plan to be followed: "Of the first series of 
hydrocarbons two members will be considered. Then the de- 
rivatives of these two will be taken up. These derivatives will 
serve admirably as representatives of the corresponding deriva- 
tives of other hydrocarbons of the same series and of other 
series. Their characterieticB and their relations to the hydro- 
carbons will be dwelt upon, as well as tlieir relations to each 
other. Thns, by a comparatively close study of two hydro- 
carbons and their derivatives, we may acquire a knowledge of 
the principal classes of the compoundB of carbon. After these 
typical derivatives have been considered, the entire series of 
hydrocarbons will be taken np briefly, only such facts being 
dealt with at all fully as are not illustrated by the first two 
members." 

In accordance with the plan thus sketched we have thns far 
considered the principal derivatives of the two hydrocarbons, 
methane and ethane, so far as these derivatives represent dis- 
tinct classes of compounds. These derivatives were classified 
first into (1) those containing halogens; (2) those containing 
oxygen ; (3) those containing sulphur ; and (i) those contain- 
ing nitrogen. On examining each of these classes more closely, 
we found that tlie halogen derivatives, such as eblor -methane, 
brom-ethane, etc., bear very simple relations to each other. 
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We found that under the head of oxygen derivatjves, the most 
important and moBt distinctlj characteristic derivativeB of 
hydro-carbons are met with ; as, the aicohols, ethers, aldehydes, 
acids, ethereal saits, and ketones. The sulphur derivativee, 
some of which closely resemble the oxygen derivatives, inclnde 
the sulphur alcohols or mercaptans, sulphur ethers, and stdphoTuc 
acids. 

Od b^^ning the consideration of the nitrc^n deriratiTes 
we found it desirable first to take up certain derivatives con- 
taining the cyatK^en group, among which are cyanogen, hydro- 
cyanic acid, cyanic acid, and snlphocjanic acid. Many interest- 
ing carbon compounds are closely related to these fundamental 
compounds. Such, for example, are the cyanides and carba- 
mines, the eyoitiates and isocyanates, the sulpha-cyanates and 
iso-»ulpho-cyanates or mustard-oHs. Following the compounds 
related to cyanogen, we took up the interesting componnds 
which are related to ammonia, the st^sttiuted ammonias m: 
amines. Then came the nitro-derivatives ; and, finally, the 
compounds of the hydrocarbon residues or radicals with metals. 

It is of the greatest importance that the student should 
master the preceding portion of this book. If he studies care- 
fully the reactions which have been considered, and which are 
statements in chemical language which teU us the conduct of 
the various classes of deriyatiyes, and if he performs the ex- 
periments which have been described, he will have a fair general 
knowledge of the kinds of relations which are met with in con- 
nection with the compounds of carbon through the whole field. 
As stated in the Introduction : " If we know what derivatives 
one hydrocarbon can yield, we know what derivatives we may 
expect to find in the case of every other hydrocarbon." 

The more the student practises the use of the equations thus 
far given, the better he will be prepared to follow the remain- 
ing portions of the book. Indeed, it may be said that, if he 
thoroughly understands what has gone before, what follows will 
appear extremely simple. Whereas, if be has failed at any 
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point to catch Qie exact meaning, if he has failed to Bee the 
connection, he had better go back and faithfnlly review, or he 
will soon find his mind hopelessly muddled, and relations which 
are as clear as day will be concealed from him. 

A very excellent practice ia to trace connections between the 
different classes of compounds, and show how to pass from one 
to the other. Thus, for example, (1) show by what reactions 
it is possible to pass from mareh gas to acetic acid. (2) How 
can we pass from ordinary alcohol to ethylidene chloride, 
CHj.CHCl,? (3) What reactions would enable ua to make 
methyl-amine from its elements? (4) How may acetone be 
made from methyl-amine 7 (5) What reactions are necessary in 
order to make ordinary ether from ethyl-amine? etc., etc. It 
is well in this sort of practice t* select what appear to be the 
least closely -related compounds, and to show then how we may 
pass fh>m one to the other. Be sure to select representatives 
of all the classes hitherto mentioned, and to bring in all the 
important reactions. 
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CHAPTER VIII. 

THB HTDBOCABBONS OF THE MASBB-GtAS 
SERIES. OB PARAFFINS. 

The existence of the homologous Beriea of hjdrocarbonB be- 
ginning with methane and ethane was spoken of before its first 
two members were considered. A general idea of the extent 
of the serifs, and of the names used to designate the members, 
may be gained from the following table : — 



mar8h-oa8 hydrocarbons. 
Paraffins. — Hydkocabbons, C„H^^.,. 



Methane . 


. . CH, . . 


gas. 


Ethane . , 


. . CH, . . 


ga.. 


Propane . 


. . C.H. . . 


gaa. 


Bntane . . 


. . CH,. . . 


r. 


Pentane 


. . C^„ . . 


38-. 


Hexane . 


. . Cfl,. . . 


70°. 


Heptane . 


. . C,H„ . . 


98.4 


Octane . . 


. . C,H„ . . 


125° 


Nonane . 


. . C^. . . 


148* 


Dodecane . 


. . C,fl« . . 


202° 


Hecdecane 


. . C„H„ . . 


278* 



The explanation of the remarkable relation in compoiition 
existing between, those members, a relation to which the name 
homology is given, has already been referred to (p. 22) . The 
number of hydrogen atoms contained in a member of this seiiea 
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bears a constant relation to the number ot carbon atoms, as 
expr^ised in the general formula C„H2„^j,. On examining the 
column headed " Boiling-Point " it will be seen that, as we paea 
upward in the series, the boUing-point becomes higlier and higher. 
The first three members are gases at ordinary temperatures, while 
the highest boils at 278°. The elevation in the boiling-point is 
to some extent regular, as will be observed. The difTerence 
between bntane, C4Hni, and pentane, CjHu, ia 38 — 1 = 37° ; 
that between pentane and the next member is 70 — 38 = 32° ; 
between hex&ne and heptane it is 98.4 — 70 = 38.4° ; between 
heptane and octane, 125 — 98.4 = 26.6° ; and, finally, between 
octane and nonane the difference is 148 — 125 = 2B°, Thus it 
will be seen that the elevation in boiling-point cauEed by the 
addition of CH, decreases as we pass upward in the series. 
Other relations have been pointed out, Jl]uti Jt would be prema- 
ture to discuss them here. 

The chief natural source of the paraffins is petroleum ; but 
although this substance, which occurs in such enormous quanti- 
ties in nature, ondoubtedly contains a number of the members 
of the paraffin series, it is an extremely difficult matter to 
isolate them from the mixture. Prolonged fractional distilla- 
tion is not sufficient for the purpose. If, however, some of tbe 
purest products which can thus be obtained be treated with 
concentrated sulphuric acid, and afterwards with concentrated 
nitric acid, and then washed and redistilled, tbey may be 
obtained in pure condition. 

Petroleum. — Petroleum occurs in enormous quantities in 
several places. Among the most important localities are 
Pennsylvania, the Crimea, the Caucasus, Persia, Burmah, 
China, etc. In some places it issues constantly from the earth. 
Usually it is necessary to bore for it. When one of the cavi- 
ties in which it is contained is punctured, tbe oil ia forced out 
of a pipe inserted into the opening in a jet, in consequence of 
tbe pressure exerted upon it by the gaseous constituents. As 
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first obtained, it is Dsually a dark, yellowish-greeu liquid, witli 
on unpleasant odor. It varies in appearance according to the 
place in which it is found. American petroleum cont^ns the 
lowest members of the paraffin aeries ; and when the oil is 
exposed to the air the gases are given off. 

Refiniiig of petroleum. To render petroleum fit for use in 
lamps, it is necessary that the volatile portions should be 
removed, aa they form explosive mixtures with air, just as 
marsh gas does. It is also necessary to remove the higher 
boiling portions, because they are aemi-solid, and would clog 
the wicks of the lamps. The crude oil is therefore snbjected to 
distillation, and only those parts which have a certain specific 
gravity or boil between certain points are used for illuminating 
pnrj)08eB, under the name of kerosene. Besides being distilled, 
the oil must further be treated with concentrated sulphuric 
acid, which removes a number of undesirable substances, and 
afterwards with an alkali, and then with water. All these 
processes taken together constitute what is called the refining 
of petroleum. In the distillation, the lighter products are 
usually divided into several parts, according to the specific 
gravity or boiling-point. Thus we have the products tsymogene, 
rhigolene, gasoline, naphtha, and benzine-, all ' of which are 
lighter than kerosene. It must be distinctly understood that 
none of the substances here mentioned are pure chemical sub- 
stances. The names are commercial names, each of which 
applies to a complex mixture of hydrocarbons. From the 
heavier products, that is, those that boil at higher tempera-' 
tures than the highest limit for kerosene, paraffin, which is a 
mixture of the highest members of this series, is made. 

Owing to the danger attendant upon the use of improperly 
refined petrolenm, laws have been enacted relating to the 
properties which the kerosene exposed for sale must have. 
These laws, which differ somewhat in different countries and 
different parts of the same country, relate mostly to what is 
called the Jtashvng-point. This is the temperature to which tiie 
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Ill 



oil must be heated before it takes fire when & flame is applied 
to it. The legal flashing-point in many parts of the United 
States is 38°, Various forms of apparatus have been de- 
vised for the purpose of making the determination of the 
flashing-point as accurately as possible. Among them the fol- 
lowing commends itself by its simplicity : 
The cylinder j1 is 2 to 3°" in diameter and 
10 to 12'™ long. Just within the wooden 
cork the bent tube contracts to a small 
orifice- At d it is connected by rubber- 
tubing with a source of compressed air 
(band-bellows or gas holder) , the flow of 
which can be controlled by the pinch-cock. 
A is about one-tbird filled witb kerosene, I 
and secured in a clamp, so that it plunges in 
a water-bath to the level of the oil. Air is 

now passed through deb, and e so adjusted that about 0.3™ 
fnsm is kept on the surface of the oil. From degree to degree 
the test is made by bringing a small flame for an instant to the 
mouth of A. At the flashing-point the vapor ignites, and the 
bluish flame mns down to the surface of the oil. 



Experiment 81. Make an apparatos like the above, and determine 
the flashing-points of two or three specimens of kerosene which may 
be avaJIalile. 



Synthesis of the parafflnB. — Although the parafiSns do 
occur in nature, and some of them may be obtained in pure con- 
dition &om natural sources, we are dependent u[K>n synthetical 
operations performed in the laboratory for our knowledge of 
the series and the relations existing between them. 

We have already seen how ethane may be prepared from 
methane by treating methyl iodide with zinc or sodium, as repre- 
sented in this equation ; — 

CHgl + CHjI -I- 2 Na s= C^ + 2 NaBr. 
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This metbod haa been extensiTely ased in the bniMmg ap of 
higher members of the series. Thus from etiiane we may make 
ethyl iodide, and by treating thb with sodium get butane 
C*H„ : — 

CjHJ + C,HJ + 2 Na = C^H^ + 2 NaBr,. 

But we may get the intermediate member, propane, CaHg, by 
mixing methyl iodide and etliyl iodide aod treating the mixture 
with Bodium : — 

CHJ + C^J + 2Na = CHj.CH, + 2 Nal. 

By applying this method, it is plain that a laige number of the 
members of the paraffin series might be made. 

Another method consista in treating the zinc compounds of 
the radicals, like zinc ethyl, Zn(C]Hi)„ with the iodides of rad- 
icals. Thus zinc methyl and methyl iodide give ethane ; zinc 
ethyl and ethyl iodide give butane ; zinc etJuyl and methyl 
iodide give propane, etc, : — 

Zn(CH,), + 2CHJ =: 2C,H, + Znl,; 
Ztk{C^,)t + 2 CsH,I = 2 CJI„ + Znl, ; 
Zn(CH,), + 2 CH,I = 2 C,H, + Znl^ 

Paraffins may be made by replacing the halogen in a snbstitn- 
tion-product by hydrogen. This may be etfected by nascent 
hydrogen or by hydriodic acid : — 

CJH J + 2 H = C^w + HI. 

Finally, the part^na may be made by heating the acids of the 
formic acid series with an alkaii. This has been illustrated by 
the preparation of marsh gas from acetic acid by heating with 
lime and caustic potash. The reaction may be written thus ; — 

CH,.COjK + KOH = CH, 4- CO,K^. 

The products are a iiydrooarbon and a carbonate. 
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iBomerism among the paraffins. — It has already been 
stated ttiftt the evidence is almost oonclusive that each of the 
four bjdrc^en atoms of marsh gas bears tb^ same relation to the 
carbon, and hence we bebeve that, as regaivls the nature of the 
product, it makes no difference which hydrogen atom is replaced 
by a given atom or radical. According to this, as ethane is the 
methyl derivative of marsh gas, it makes no difference which of 
the hydrogen atoms of marsh gas is replaced by the methyl, the 
product must always be the same, or there is fiwi one ethajte 
possible according to the theory. This is represented by the 
H H 

tormnla, H — C — C — H, or HjC — CH,. In ethane, as well as in 

E H 
methane, all the hydr<^en atoms bear the same relation to 
the molecule, and it should make no difference which one is 
replaced by methyl. But propane is regarded as derived from 
ethane by the substitution of methyl for hydrogen ; and, as it 
mokes no difference which hydrogen is replaced, tliere is but 
one propane possible. Only one has ever been discovered, and 
this must be represented thus : — - 

H H H 

1 1 I 
H-C-C-C-H, or CHg.CHa.CHj. 

I I I 

H H H 
Now, continuing the process of snbstitation of methyl for hydro- 
gen, it appears that the theory indicates the possibility' of the 
existence of two compounds of the formula C,Hi„. One of 
these should be obtained by replacing by methyl one of the three 
hydrogens of either methyl group of propane. It is represented 
by the formula : — 

H H H H 

I I I I 
H-C-C-C-C-H, or H,C.CHj.CHj .CH,. 

till 

H H H H 
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The other should be obtained by replacing by methyl one of the 
two hydn^ens of the group CH, contained in propane. This 
would give a hydrocarJx)n of thft formula : — 

H H H CH, 

III I 

H - C - C - C - H, or CH, - CH - CH,. 
I I I 
H C H 

H H H 

The theory then indicates the existence of two butanes. How 
about tiie facts? Two, and only two butanes have been discov- 
ered. The first, which occurs in American petroleum, has been 
made synthetically by treating ethyl iodide with zinc : — 

2CH».CHJ + Zn = CH, .CH, .CH, .CH, + Zul,- 

The method of synthesis clearly shows which of the two possi- 
ble isomerides the product is. It is known as normal butane. 
It is a gas which can be condensed to a liquid at -f-l". 

The second, or isobutane, is made from an alcohol which 
will be shown to have the structure represented by the formula 
CH, 

CH,-C-OH (see Tertiary Butyl Alcohol, p. 124), by replacing 

CH, 
the hydroxyl by hydrogen. It is a gas which becomes liquid 
at -17°. 

The differences between the two butanes are observed princi- 
pally in their derivatives. 

Applying the same method of consideration to the next 
member of the series, how many isomeric varieties of pentane, 
CiH^, may we expect to find ? The question resolves itself into 
a determination of the number of kinds of hydrogen atoms con- 
tained in the two butanes, or the number of relations to the 
molecule represented among the hydrogen atoms of the butanes. 
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We can make this determinatioD best by examining the stmc- 
tnr&l formulas. Take firBt normal butane : — 

H H H H 

I I I i 

H-C-C-C-C-H. 
I I I I 
H H H H 

In this there &re plainly two different relations represented^ 
viz., that of each of the six hydrogens in the two methyl groups, 
and that of each of the four hydrogens of the two CH, groups. 
The two possible methyl derivatives of a hydrocarbon of tfus 
formula are therefore to be represented thus : — 

H,C.CH,.CHj.CHa.CHg, (1) 

and H,C.CH,.CH<^JJ'. (2) 



Now, taking isobutane, HC — CH„ we see that it consists of 

CH, 
three methyl groups, giving nine hydn^en atoms of the same 
kind, and one CH group, the hydrogen of which bears a dif- 
ferent relation to the molecule from that which the other nine 
do. There are therefore two possible methyl derivatives of 
isobutane which must be represented thus : — 

CH, CH, 

I I 

HC - CHj.CH, (3), and HjC - C - OH,. (4) 

I I 

CH, CHs 

We have, therefore, apparently four pentanes. But on compar- 
ing formulae (2) and (3) , it will be seen that, though written a 
little differently, they really represent one and the same com- 
pound. Thus the number of pentanes, the existence of which 
is indicated by the theory, is three, and these are represented 
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bj fonnulas (1), (2), and (4). They are all knovm. The 
firat is called normal pentace, tlie eecoDd iBO-pentace or 
di-methyl-ethyl-niothane, aDd the third tetra-methrl-me- 
thane. 

It would le&d too far to discuss all the methodB of prepara- 
tion and the propertieB of these hydrocarbons. It wiU be seen 
that the methods of preparation show what the stmctnre of a 
hydrocarbon is. Di- methyl-ethyl -methane is made from an 
alcohol which can be shown to have the formnla 

CH,, 



by replacing the hydroxyl by hydrc^en. Hence its stmctnre is 
that represented above by formulas (2) and (3). 

Tetra-methyl-methane is made by starting with acetone. 
Acetone baa been shown to consist of carbonyl in combina- 
tion with two methyl groups, as represented in the formula 
CHg— CO— CHj. It has also been shown that, by treating 
acetone with phosphorus pentachloride, the oxygen is replaced 
by chlorine, giving a compound of the formula CH,— CCl,— CH,. 
Now, by treating this chloride with zinc-methyl, the chlorine is 
replaced by methyl thus : — 

CH, 
[ 

CH,-Ca,-CH3 + Zu(CH3)s = CH,-C-CH, + ZaCif 



The product is tetra-methyl-methane, and the synthesis thus 
effected «hows at once what the structure of the product is. 

Hexanes. — The student will now be prepared to apply the 
theory to the determination of the number of hexanes possible. 
He will find that there are five. The theory is, is this case as in 
tiie preceding, in perfect accordance with the facts. There are 
five and only five hoxanee known. Only the names and fonnn- 
las of these will be given here : — 
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1. Normal hexane, CH, .CH, .CH, .CH, .CH, .CH,. 

2. iBO-hexano, CHa.CH,.CH,.CH<^^'. 

3. Methyl-di-ethyl-methane, CHs.CH,<5S''S„'- 

i. Tetr^-methrl-ethane, ^'S>HC-CH<™''. 
HjL' yjHg 

CH, 

I 
s. Tri-methyl-ethyl-methane, H,C-C-CHj.CEI,. 

I 
CH, 

Passing upward, we flod that nine heptanes are possible 
according to the theory, while but four have thus far been 
discovered ; and that, while theory indicates the possibility of 
the discovery of eighteen hydrocarbons of the formula CsHj,, but 
three are known. The theoretical number of isomeric varieties 
of the highest members of the series is very great, but our 
knowledge in regard to these highest members is very limited, 
and it is impossible to say whether the theory will ever be 
confirmed by facts. It may be that there is some law limiting 
the nnmber of complicated hydrocarbons. It b, however, idle 
to speculate upon the subject at present. It is well for us to 
keep in mind that a thorough knowledge of a few of the simplest 
members of the series is all that is necessarj- for the present. 

On examining the formulas used to express the structure of 
the hydrocarbons, we find that they may be divided into three 
classes : — 

(1) Those in which there is no carbon atom iu combination 
with more than two others ; as, — 

Propane .... CHa-CHi-CH,; 
Normal butane . . CH, .CHj .CH, .CH, ; 
Normal penlane . CH,.CH,.CH,.CHj.CH3 ; 
and Normal hexane . . CH3.CHj.CH,.CH,.Ca,.CHj. 
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(2) Those in which there is at least one carbon atom i 
oombination with three others; as, — 



laobutane . . . . CHg.CH<r;"'; 
Isopentane . . . CH,.CH,.CH<^^'; 



iBohexane . 



,CH,. 



and Tetra-methjl-ettiaiie, ^'j^ > CH -CH < ™'. 

(3) Those in which there ie at least one carbon atom in 
combination with four others ; as, — 

CH, 

Teti-methyl-l r TH ■ 

methane J tH,-C-OH., 



CH, 

- ^ri'-"^"-}.c^.-c-cH.. 

CH, 

The members of the first class are called normal paraffins; 
thtffie of the second class, iso-paraffins; and those of the third 
class, neo-paraffina. 

Only the members of the same class are strictly comparable 
with each other. Thus it has been found that the boiling- points 
of the normal hydrocarbons bear simple relations to each other, 
and that the same is true of the iso-paralBos ; but, on compar- 
ing the boiling-points and other physical properties of normal 
paraffins with those of the iso- or neo-paraffius, no such sunple 
relations are observed. 
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Regarding the Dames of the purafBiis, the eimplest nomen- 
clature in use ib that according to which the hydrocarbons are 
all regarded as derivafiveB of methane. Thus we get the 

name etbyl-metliane for propane, C j „ ; trl-methyl-methane 
f ^Hj [ J, f CHj 
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CHAPTER IX. 

OXYGEN DBBrVATrVBS OP THE HIOHBH MEM- 
BERS OP THE PARAPFIN SERIES. 

We are now to take up tbe derivatives' of the higher mem- 
bers of the paraffin Heriea, just as vre took up the derivatives of 
methane and ethane. Not much need be aaid in regard to the 
halc^en derivatives. A few of them will be mentioned in con- 
nection with the corresponding alcohols. The chief substances 
which will require attention are the alcohols and acids. 

1. Alcohols. 

Normal propyl alcohol, C^,.OE. — Wlien sugar under- 
goes fermentation, a little propyl alcohol is always formed, and 
is contained in the " fusel oil." From this it may be separated 
by treating those portions which boil between 85° and 110' 
with phosphorus and bromine. The bromides of the alcohok 
present are thus formed (what is the reaction?), aud these are 
separated by fractional distillation. The bromide correspond- 
ing to propyl alcohol ia then converted into the alcohol (how 
may this be done?). 

It ia a colorless liquid with a pleasant odor. It boils at 97.4° 
(compare with the boiling-points of methyl and ethyl alcohol). 
It conducts itself almost exactly like the two first members of 
the series. By oxidation it is converted into an aldehyde, 
CjHjO, and an acid, CsHjOj, which bear to it the same relations 
that acetic aldehyde aud acetic acid bear to ethyl alcohol. 

Secondary propyl or isopropyl alcohol, CgHi.OH. — 
The reasons for regarding the alcohols as hydroxyl derivatives 
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of the hydrocarbons have been given pretty fully. As the six 
hydrogen atoms of ethane are all of the same kind, but one 
etiiyl alcohol appears to be possible and only one is known. 
But just as there are two butanes or methyl derivatives of pro- 
pane, so there are two hydroxyl derivatives of propane ; or, in 
other words, two propyl alcohols. The first is the one obtained 
from " fusel oil," the other is the one called secondary propyl 
alcohol. This has already been referred to under the head of 
Acetone (see p. 72), where it was stated that acetone is con- 
verted into secondary propyl alcohol by nascent hydr<^en. 
We are, in fact, dependent upon this method for the prepara^ 
tion of the alcohol. 

It is, like ordinary propyl alcohol, a colorless liquid. It 
boils at 85°. While all its reactions show that it is a hydroxide, 
under the influence of oxidizing agents it conducts itself quite 
differently from the alcohols thus far considered. It is con- 
verted first into acetone, C^HcO, which is isomeric with the 
aldehyde obtained from ordinary propyl alcohol ; by fnrther 
oxidation, it however docs not yield an acid of the formula 
CgH^, Bfi we would expect it to, but breaks down, yielding 
two simpler acids; viz., formic acid, CHjO;, and acetic acid, 

Beoondarr alcohols. — Secondary propyl alcohol is the 
simplest representative of a class of alcohols which are known 
aa secondary alcohols. They are made by treating the ketones 
with nascent hydrogen, and are easily distinguished from other 
alcohols by their conduct towards oxidizing agents. They 
yield acetones containing the same number of carbon atoms, 
and then break down, yielding acids containing a smaller num- 
ber of carbon atoms. 

Is there anything in the structure of these secondary alcohols 
to suggest an explanation of their conduct? Secondary pro- 
pyl alcohol is made from acetone b^' treating with nascent 
hydrogen. Acetone contains two methyl groups and oarbonyl, 
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as represented by the formula CHj— CO— CHj. The am- 
plest change that we can ime^ne as taking place in this oom- 
pound under the iafluence of hydrogen is that represented in 
the following equation : — 

CHs-CO-CHs + Hj = CHj-CH.OH-CHa. 

The very close connection existing between acetone and second- 
aiy propyl alcohol, and the fact that there are two methyl 
groups in acetone, make it appear probable that there are also 
two methyl groups in secondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy transfor- 
mation of primary propyl alcohol into propionic acid, which can 
be shown to contain ethyl, shows that in the alcohol ethyl is 
present. Therefore, we may conclude that the difference 
between primary and secondary propyl alcohol is that the 
former is an ethyl derivative and the latter a di-methyl deriva- 
tive of methyl alcohol, as represented by the fonnulas : — 



|-H 

Ai 


|- CHi-CHg 


fCH, 
C OH., 


l-OH 

If etb;1 aloobol. 


'■OH 

Elbyl mcUiyl alcobol or 
ordlmry propyl al- 
cohol. 


'■OH 

DUMtliyl methyl ale 
'"proMl^^"'' 



Primary propyl alcohol is methyl alcohol in which one hydrogen 
is replaced by a radicai, while secondary propyl alcohol is 
methyl alcohol iii which two hydrogens are replaced by radicals. 
An examination of all secondary alcohols known shows that 
the above statement may be made in regard to all of them. 
They must be regarded as derived from methyl alcohol by the 
replacement of two hydrogen atoms by radicals. The alcohols 
of the first class, like methyl, ethyl, and ordinary propyl alco- 
hols, which are derived from methyl alcohol by the replacement 
of one hydrogen by a radical, are called primary alcohols. 
Another way of stating the difference between primary and 
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secondary alcohols is this : Primary alcohols contain the group 
CHjOH ; secondary alcohols contain the group CHOH. These 
statements, as will be seen, are corollaries of the first ones. 

A primary alcohol, when oxidized, yields aldehyde and an 
acid containing the same number ot carbon atoms as the 
alcohol does. 

A secondary alcohol, when oxidized, yields an acetone, and 
then an acid or acids containing a smaller number of carbon 
atoms. 

Recalling what was said regarding the nature of the changes 
involved in passing from an alcohol to the corresponding alde- 
hyde and acid, we see that the formation of the acid is impossi- 
ble in the case of a secondary alcohol. In the case of a 
primary alcohol, we have : — 



■ Jt 


r E 




[-E 


C H 


c\ H 


C- 


OH. 


I H 


lo 




lo 


^OH 








Alcohol. 


Aldebjde. 


A. 


!id. 



In the case of the secondary alcohol, we have : — 

r 

l-O 

cobol. Ketone. 

P^rther introdnction of oxygen cannot take place witbont a 
breaking down of the compound. It will be seen that the 
formulas used to express the structure of the compounds are 
remarkably in accordance with the facts. 

But7l alcohols, CiH,.OH. — Theoretically, there are two 
possible hydroxjl derivatives of each of the two butanes, 
making fonr bntyl alcohob in all, Thej' are all known. Two 
are primary alcohols. 
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1. Normal butyl alcohol, CHs.CH,.CH,.CH,.OH. 

a. iBobutyl alcohol, ^|J">CH.CH^H. 

The third is a derivative of uormsl butane, and is a Becondary 
alcohol. 

3 Secondary butyl alcohol, CH,.CH,.CH<^^. This 

alcohol is prepared by treating ethyl-methyl ketone with oaacent 

hydrogen : — 

CHa.CH,-CO-CH, + H, = CH,.CH,.CH<^". 

(Compare this with the reactioD for making secondary propyl 
alcohol.) C^ 

4. Tertiary butyl alcohol, CH,-C-OH. The fourth butyl 

CH, 
alcohol has properties which distinguish it fVom the primary and 
secondary alcohols. When oxidized it yields neither an alde- 
hyde nor an acetone, but bi-eaks down at once, yielding acids con- 
taining a smaller number of certain atoms. Assuming that every 
primary alcohol contains the group CHjOH, and that every sec- 
ondary alcohol contaius the group CHOH, it follows that the two 
primary butyl alcohols and secondary butyl alcohol must have 
the formulas above assigned to them ; and it follows further, that 

CH, 

the fourth butyl alcohol must have the formula CH, — C— OH, 

CH, 
as this represents the only other arrangement of the constituents 
possible, according to our theory. This formula represents a . 
condition which does not exist in either the primary or second- 
ary alcohols. It is methyl alcohol in which all the hydix^en 
atoms, except that in the hydroxyl, are replaced by methyl 
groups, and it contains the group C — (OH) . Such an alcohol 
is known as a tertiary alcohol, and the one under consideration 
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is called tertiary butyl alcohol. It is the simplest derivatirfl ot 
a clasa of which but few members are known. 

Tertiary butyl alcohol is made by a complicated reaction 
which cannot easily be interpreted; viz., by treating acetyl 
chloride, CH3.COCI, with zinc methyl, Zn(CHa}j. These two 
substances unite, forming a crjstallized compound ; and, when 
this is treated with water, it breaks up, yielding several products, 
among which is tertiary butyl alcohol. By taking other acid 
chlorides, and the zinc compounds of other radicals, other 
tertiary alcohols may be obtained. 

Charaderistics of the three Classes of Alcohols. To recapitu- 
late briefly, we find, in utudyiug the hydroxyl derivatives of the 
hydrocarbons, that they can be divided into three classes, ac- 
cording to their conduct towards oxidizing agents. 

To what was said above regarding the conduct of primary 
and secondary alcohols we can now add ; Tertiary alcohols 
yield neither aldehydes nor acetones, but break down at once, 
yielding simpler acids. 

The general formulas representing these three kinds of alco- 
hols are : — 

H 



NOTB FOR Studbmt, — Show how the formula for the tertiary alco- 
hols Is in accordance with the fact that these alcohols do not yield 
aldehydes nor ketones. 



Pentyl alcohols, C^ .OH. — These alcohols are the hy- 
droxyl derivatives of the pentanes. Eight are possible, and 
seven of these are known. Only two of them need be con- 
sidered here. These are the so-called amyl alcohols. 



D,gn,-.rihyGOO^Ie ■ 



126 DERIVATIVB8 OF THE PARAFFINS. 

Inactive amyl aioohol, S^ > OH - OH, - OH,OH. — 
This alcohol, togetiier with at least ooe other of the same 
composition, forme the chief part of the fusel oil obtfuned in 
the fermentation of sugar. By fractional distillation of fueel 
oil ordinary conmiercial amyl alcohol is obtained, as a colorleBS 
liquid, having a penetrating odor, and boiling at 131° to 132°. 
This can be separated by other methods into two isomeric 
alcohols, one of which is inactive amyl alcohol and the other 
aaive amyl alcohol. The names refer to the behavior of the 
snbstancea towards polarized light, the former having no action 
upon it, the latter turning the plane of polarization' to the leil. 

When oxidized, inactive amyl alcohol yields an acid cont^n- 
ing the same number of carbon atoms, and is, therefore, a 
primary alcohol. The acid has been made by simple reac- 
tions which show that it must be represented by the formula 
^^«>CH.CH,.CO,H. Therefore, the alcohol has the stmcture 
represented by the foi-mula z, ' > CH.CH,.CH,OH. 

Active amyl alcohol. CHj.CH,.OH<^Qg.— This,aa 
has been stated, is obtained, together with the inactive alcohol, 
from fusel oil. Not enough is known about it to enable us to 
say with certainty whether the above formula represents its 
structure or not. It is a primary alcohol as represented. 

The remaining members of the series will not be considered, 
though a list of some of the more important ones is given 
below. As regards the naming of the alcohols, it is best to 
refer them to methyl alcohol, just as the hydrocarbons are 
referred to marsh gas. For this purpose methyl alcohol is 
called carbinol, and we then get such names as methyl -carbinol, 
di-ethyl-carbinol, etc., which convey at once an accurate idea 
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conceming the structuve of tlie subatances. A few illustrations 
will suffice. Take the alcohols considered above ; — 



Ethyl alcohol is niethyl-carhinol. 



Primary propyl alcohol is ethyl-carbinol, ^' \ it ' 



Secondary propyl alcohol ia di-^tethyl- \ ,, \ CHj 
earbinol, ) 1 H ' 

Teitiary butyl alcohol ia tri-methyl-carbinol, C < ' ; 
LoH 



f CH5.CH< 
H 



CH, 



Inactive amyl alcohol is isohutyl-carbinol^ C 

L OH, etc., etc., 
a name given to it on account of the preaence in it of the iso- 

butyl group CH,.CH < pj7. 

The following table will give an imperfect idea of the extent 
to which the series of alcohols derived from the paraffins ia 
developed. There are eight hexyl alcohols and four heptyl 
alcohols known. Of moat of the higher members but one 
variety is known. They are not important, except in so far 
as they indicate the possibility of the discovery of other 
tdqohols. 
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ALCOHOLS OF THE METHYL ALOOHOL SERIES. 
Series CHfa+i.OH. 

Methyl alcohol CH,,.OH. 

Ethyl " CrHi.OH. 

Propyl " CgHr.OH. 

Butyl " C,H,.OH. 

f>.Pentyl " C,H^,.OH. 

Heiyl " C,Hh,.OH. 

Heptyl " CHjj.OH. 

Octyl " C,H„.OH. 

Nonyl " CgHu.OH. 

Cetyl " C„H«.OH. 

Ceryl *' C„U^.OH. 

Myricyl " C^.OH. 

2. Aldehydes. 

In general, it follows from what has been eaid coDcerniiig 
the propertieB of primary alcohols, that there should be an 
aldehyde corresponding to every primary alcohol. Many of these 
have been prepared. They resemble ordinary acetic aldehyde so 
closely that it is nnneceasary to take them up individually. If 
we know the structure of the alcohol from which an aldehyde is 
formed by oxidation, we also know the structure of the aldehyde. 

Besides the one method for the preparation of aldehydes 
which has been mentioned, viz., the oxidation of primary 
alcohols, there is one other which should be specially noticed. 
It consists in distJUing a mixture of a fonnat« and a salt of 
some other acid. Thus, if a mixture of an acetate and a 
formate tie distilled, acetic aldehyde is formed as represented 
by the equation : — 

CHa-COOM _ 



Aldehyde. 
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This method has been used to a considerable extent in making 
the higher memlwra of the eeriea. 

Elzpertment 82. Mis about equal weights of dry potassiom form- 
ate and dry sodium acetate. Distil Trom a small flask. Collect some 
of the dtstlUaCe In water, and prove that aldehyde Is formed. 

3. Acids. 
Formic and acetic acide are the first two members of an 
homologous series of similar acids, generally called the fatty 
acids, on account of the fact that several of them occur in large 
quantities in the natural fats. The names and formulas of 
some of the principal members are given in the following 
table. The reasons for representing the acids as compounds 
containing the carboxjl group, COjH , have been given, and 
need not here be restat«d: — 

FATTY ACIDS. 
Sbeies C.^+,.C0^, or C^HhO,. /^W^ 

Formic acid H.CO,H. /£/ ^" 

Acetic " CHj.CO^. // / 

Propionic " C^K^.CO^. )^^ 

Butyric " C,Hr.CO,H. ' *^ 

Valeric " C^Hs.COjH. ^ ^^ 

Caproicor ) CHu^CO.H. 

Hexoic acids t 

(Enanthylicor) CH^.CO^. 

Heptoic acids ) 

Caprylicor | CH„.COsH. 

Octoic acids ) 

Pekigonicor 1 C,H„.CO,H. 

Nonoic acids ) 

Capric acid C,Ha.CO^. 

n ,.-i,.Google 
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Lanric e 

Myrietic 

Palmitic 

Margaric 

Stearic 

Arachidic 

Behenic 

Hyenic 

CeroOc 

Melissic 



CuH„.C03- 
CwH„ .COjH. 
CuHji.COjH. 
0„Hs,.CO,H. 

C«His.COjH. 
C„H„.COaH. 

CstH^ .CO^. 



Although, as will be seen, a laige number of fatty acide are 
known, most of them included in the list are at present merely 
curiosities, and need not be studied specially. Not more than 
six in addition to formic and acetic acids will require attention. 

Propionic acid, C|HoO:(G]n,.CO,H). — Propionic acid is 
formed in small quantity by the distillation of wood, and by the 
fermentation of various organic bodies, particularly calcium 
lactate and tartrate. It is prepared most readily by treating 
ethyl cyanide (propio-nltrile) witli caustic potash : — 

C,H,.CN + KOH + H,0 = CiH,.CO,K + NH,. 

Other methods for preparing it are the following : — 

(1) By reducing lactic acid with hydriodic acid. (This will 
be explained under the head of Lactic Acid, which see.) 

(2) By the action of carbon dioxide upon sodium ethylate : — 

CO, + NaCjHj = CsHs.COjNa. 

It is ft colorless liquid with a penetrating odor somewhat re- 
sembling that of acetic acid. It boils at 140°, (Compare with 
boiling-points of formic and acetic acids.) 
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It yields & large number of derivatives correapondiDg to 
those obtained from acetic acid. 

NoTB FOK Student. — What ia proplonjl chloride? and how can it 
be prepared? It Is analogous to acetjl chloride. 

The simple substitution -products of propionic acid present an 
int«resting aod instinctive case of isomerism. It is found that 
there are two chlor-propionic acids, two brom-propionic acids, 
etc. Those products which are obtained by direct treatment of 
propionic acid with substitnting agents are called a-products, 
and the isomeric substances ^-products. Thus we have a-cMor- 
propionic and a-brom-^ropionic add, made by treating propionic 
acid with chlorine and bromine ; and ^-chlor-propionic add and 
fi-brom-propionic acid, made by indirect methods. The differ- 
ence between these two series of derivatives is due to different 
relations between the constituents. Our usual method of repre- 
sentation indicates the possibility of the existence of two iso- 
meric chlor-propiotiic acids, and of similar mouo -substitution 
products of propionic acid. The acid is represented thus : — 

CHs.CHj.CO^. 
Now, if chlorine should enter into the compound, as represented 
by the formula CHjCl.CHj.CO,H, (1) we would have one of 
the chlor-propionic acids ; whUe, if it should enter as indicated 
in the formula CHj.CHCl.COiH, (2) we would have tlie iso- 
meric product. We have thus two chlor-propionic acids actu- 
ally known, and our theory gives us two formulas. How can 
we tell which of the formulas represents a -chlor-propionic acid, 
and which the /J-acid? We can tell only by carefully consider- 
ing all the reactions and methods of formation of both com- 
pounds. The best evidence is flimished by a study of the lactic 
acids, which will be shown to be mono-substitution products of 
propionic acid. It will be shown that a-chlor-propionic acid 
can be transformed into a lactJc acid the structure of which is 
represented by the fimnula CHs.CH(OH>.COjH, and that, by 
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replacing the hydroxyl of this lactic acid by chlorine, a-chlor- 
propionic acid ia formed. It therefore follows that formula (2) 
above given is that of a-chlor-propionic acid, and formula (1) 
tliat of jU-chloi- propionic acid. Further, any mono-subBtitution 
product of propionic acid which can be made directly from 
o-chlor-propionic acid, or converted directly into this acid, ia an 
a-prodnct, and has the general formula 

CHj.CHX.CO^; 
and, similarly, the ^S-producte have the general formula 

CKX.CH,.CO,H, 
in which X represents any univalent atom or group. 

Butyrio aoids, CHsOilOjHt.OOiH). 

Normal butyric add, CHg.CHj.CH,.COaH. When butter ia 
boiled with caustic potash, the potassium salts of butyric acid and 
of some of the higher members of the series are found in the solu- 
tion at the end of the operation. Butter, lilce other fats, belongs 
to the class of bodies known as ethereal salts ; and these, as we 
have seen, when boiled with the alkalies are decomposed, yielding 
alcohol and alkali salts of acids (saponification) . In the case of 
butter and of nearly all otber fats, the alcohol formed is glycerin. 
Butyric acid occurs also in many other fats besides butter. 

It is made most readily by fermentation of sugar by what is 
known as the butyric add ferment. This ferment probably is 
contained in putrid cheese. Hence, to make the aCid, sugar 
and tartaric acid are dissolved in water, and, after a time, 
certain quantities of putrid cheese and sour milk are added, 
and also some powdered chalk. At first the sugar is converted 
into glucose : — 

CuHa^ii + H,0 = 2 C,H,A- 

Cue logtr. GUncOH. 

The glucose breaks up, yielding lactic acid, C,H«Ot : — 
C,HuO« = 2 C,H,Og- 
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And, finally, the lactic acid is converted into butyric acid ; — 

SCaH^s = C.HA + CO, + 2Hs. 

Other methods for the preparation of butyric acid are : — 

(1) By oxidation of normal butyi alcohol ; and 

(2) By treating normal propyl cyanide, CHj.CH,.CHjCN, 
with caustic potash. 

The acid is a liqnid having an acid, rancid odor, like that of 
rancid butter. It boils at 163°. (Compare with the preceding 
acids.) Lihe the lower mentberB of the series it mixes with 
water in all proportions. 

Ethyl bulyrale, CaHj .COjCjHj, has a pleasant odor resembling 
that of pineapples. It is used under the name of essence of 
pineapples. 

Isobutyrio acid, ^^ > CH.COjH. — From the two propyl 
alcohols the two chlorides, propyl chloride, CHs.CHj.CH^Cl, 
and isopropyl chloride, ' > CHCl, can be made, and from 
these the corresponding cyanides, — 

Propyl cyanide CH,.CH,.CH,CN, 

and Isopropyl cyanide .... '>CHCN. 

By boiling with caustic potash, the former is converted into 
normal butyric acid, as stated above ; while the latter yields 
isobutyric acid, '>CH.CO,H. This acid may be prepared 
also by oxidizing isobntyl alcohol, ^>CH.CH,OH. It is 
found in nature in the carob bean. 

Isobutyric acid is a liquid which boils at 154°. Its odor is 
less unpleasant than that of the normal acid. 

Valeric acida, CjHioO,(C.H,.CO,H). — Four catboxyl de- 
rivatives of the butanes are possible. Four acida of the 
foi-mula CgHmOt are known. 
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Inactive or ordinary valerio aoid, q^ > CH.CH,.CO,H. 
— This acid ie made by oxidizing inactive amyl alcohol. It 
may also be made (and this reaction reveals the etnicture of 
the acid) by starting with iaobutyl alcohol, *>CH.CH,OH, 
converting this first into the chloride and then into the cyanide, 
and, ftnaOy, tranBrorming the cyanide, which ie ' > CH.CH,CN, 
into the acid. It occurs in valerian root, whence ita name. It 
is an anpleasant smelling liquid, boiling at 175°. It requires 
thirty parte of water for solution. 

Amyl valerate, CfH* . CO,C{Hu, has the odor of apples, and is 
used ander the name of essence ofappks. 

Active valeric aoid, qq H ^ OH.CH,.CH,. — This acid 
is prepared by oxidation of active amyl alcohol. Although the 
alcohol turns the plane of polarization to the left, the acid 
turns it to the right. The alcohol is said to be lasvo-rotatory^ 
and the acid dextro-rotatory. 



The higher acids of the series are, for the moat part, found 
in various fats. They are diflScultly aolnble in water. The 
highest members are solids. The two best known, because 
occurring in largest quantity, are palmitic and stearic acids. 
These are contained in combination with the alcohol, glycerin, in 
all the conunon fats. The fats will be treated of under the 
head of Glycerin. 

Palmitic acid, CijHii.COjH, may be made by saponifying 
many fats, but especially palm-oil, from which it is obt^ned 
mixed with only one other acid. 

It crystallizes in needles which melt at 62°. 

Stearic acid, Ci,Hk.OO,H, is the acid contained in that 
particular fat known as stearin. The so<called " stearin oan- 
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dies" ar« really made of a. mixture of palmitic and Btearic 
acids, and from them Btearic acid can be separated in pure' form 
by long-continued fractional crystallization from ether and 
alcohol. 

It crj'stallizeB from alcohol in needles or laminee which melt 
at 69°. 

Soaps. — In speaking of the decompositionB of ethereal salts 

by boiling with alkalies, it was stated that this process ie 
called saponiflcatioQ because it is beat exemplified in the manu- 
facture of Boapa from fats. The fats are themselves rather 
complicated ethereal salts. When they are boiled with an 
alkali, as caustic soda, the alcohol is liberated, and the alkali 
salts of the acids are formed. These salts are the soaps. They 
are in solution after the process of saponiflcaliou is complet«d, 
and may be separated by adding a solution of common salt, in 
which they are insoluble. 

Experiment 33. Id so Iron pot boll half a pound of lard with a 
solution of caustic soda for two hours. After cooling, add a strong 
solution of sodlam chloride. The soap will separate and rise to the 
top of the solution, w&ere it will flnallj solidify. Dissolve some of 
the soap thus obtained In water, and filter. Add hydrochloric acid, 
when the free tattj acids, mainly palmitic and stearic acids, will 
separate as solids, wtilch vritl rise to the top. The bydrochloric add 
simply decomposes the sodium palmltate and stearate, giving free 
palmitic and stearic acids and sodium chlorides : — 

C,jH„.COiNa + HCl = C,sH„.CO,H + NaCl, 
Boalum Palmllale. PalmlUc Acid. 

and C^Hjj.COjNa + HCI = C„H„.CO,H + NaCI. 

Sodlam SUinte. Blwric Acid. 



The remaining derivatives of the higher members of the 
paraffin series include the ethers, ketones, ethereal salts, 
mereaptans, snlphur ethers, sulphonic acids, cyanides and 
isocyanides, cyanates and isocyanates, sulpho-cyanates and 
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ieo-Bulpho-cyauatee, substituted ammoDJas and analogous com- 
pounds, metal derivatives, and nitro-derivatives. 

A gieat many substances belonging to these elaasee, and 
containing residues of the higher hydrocarbons, have been pro- 
pared and studied f but, iu the main, they so closely resemble 
the simpler substances which have already been described that 
we would gain nothing by taking them up here individually. 
The student, however, is earnestly adviaed to apply the princi- 
ples discussed in the first part of the book to a few other cases. 
Thus, let him take propane and butane, and, not only write the 
formulas of the derivatives which may be obtained from them, 
but, above all, write the equations representing the action in- 
volved in their preparation, and the transformations of which 
they are capable. 

POLYACtD ALCOHOLS AND POLYBASIC ACIDS. 
1. Di-Acn> Alcohols. 
The alcohols thus far considered are of the simplest kind. 
They correspond to the simplest metallic hydroxides, as potas- 
sium hydroxide, KOH. Jnst as these simplest metallic hydrox- 
ides are called mon-acid bases, so the simplest alcohols are 
called mon-acid alcohols,^ expressions which are so^ested by 
the term mono-bamc acid. But, as is well known, there are 
metallic hydroxides, like calcium hydroxide, Ca(OH)„ barium 
hydroxide, Ba(OH),, etc, which contain two hydroxyls, and 
are hence known as di-acid bases; and so, too, there are di-acid 
alcohols which bear to the mon-acid alcohols the same relation 
that the di-acid bases bear to the mon-acid bases. Only one 
alcohol of this kind, derived from the paraffin hydrocarbons, is 
well known. 

Ethyiene alcohol or glyool, CjH,Oi[0,H,(OH)j].— Glycol 
is made by starting with ethylene, a hydrocarbon of the formula 

> The fipreeiloD taonatonia slcoholi la Dsed b; eome wliteri, but, u 11 li contuilug, 
it li gradually giving wsy to 1b« morn rallanal eipreulan aboTa Died. 
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C|Hi. When thte is bronght tc^ther with bromine, the two 
unite directly, foiTQing ethylene bromide, QHjBra. By replacing 
ibe two bromiQe atoms by hydroxyl, ethylene alcohol or glycol 
is formed. 

It is a colorless, inodorous, somewhat oily liquid, which boils 
at 197.5°. It has a sweetish taste, and is hence called glycol 
(from yXvKos, mueet). Hence, further, the other alcohols of 
this series are also called glycols. 

The derivatives of ethylene alcohol are not as nnmeroue ae 
those of the better known members of the methyl alcohol series,' 
but those which are known are of the same general character. 
The reactiona of the alcohol are the same as those of the mon- 
acid alcohols, but it presents more possibilities. In most cases 
in which a mon-acid alcohol yields one derivative, ethylene 
alcohol yields two. Thus, with sodium, the two compounds, 

sodium glycol, C^, < 
can be formed ; from these, by treating with ethyl iodide, the 
two ethers, elhyl-glycol ether, C,H, < ^,^11 iuid di-ethyl-glycol 
eiker, C,H,<.^' ', are made. By treatment with hydro- 

' ' CI 

chloric acid, the chloride, C,H, < , known as ethylene chior- 

kydrine is formed ; and this, by treatment with phosphorus tri- 
chloride, may be converted into ethylene chloride, CtH^Cl], etc. 
Its conduct towards acids is like that of a di-acid base. It 
forma neutral and aicoholic sails, of which the acetates may 
serve as examples. Thus we have the 

JIfono-fMCtote, CjH, < ^g '^''^, 

and the Di-acetate, CH. < ^^^"^ i 

the former still conttuning alcoholic hydroxyl and corresponding 
to a basic salt ; the latter being a neutral compound. 
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Under the head of Acetyl Chloride (see p. 62) tbe action 
of acetj'l chloride upon organic compounds containing oxygen 
was spoken of as affoi'ding a convenient method of determining 
whether a given Bubstance is an alcohol or not. It is plain 
that, aa the reaction which takes place between a mon-acid 
alcohol and acetyl chloride, and which is represented by the 
equation 

R.OH + CiHjOCl = R.OCftO + HCl, 

is due to the presence of alcoholic hydroxyl, the reaction must 
be repeated for every alcoholic hydroxyl contained in the eom- 
ixiund ; or, at least, this result would be expected. As a 
matter of fact the reaction is thus repeated for everj- alcoholic 
hydroxyl present. Hence, by treating an oxygon derivative 
with acetyl chloride, we can hot only determine whether the 
derivative is an alcohol or not, but also, if it is an alcohol, 
whether it is mon-acid or di-acid, etc. Thus, suppose we 
treat ethylene alcohol with acetyl chloride. This reaction takes 
place, — 

C,H,(OH)i + 2 CjHaOa = C^, < ^^^"P + 2 HCl ; 

and a body, which analysis shows to have the composition repre- 
sented by the formnla 

^ OCHaOX 

■~ OC^HjO/ 



C(HW=c,h.<;:; 



b formed. Such a body could only be formed by the introduc- 
tion of two acetyl groups into the alcohol, and we therefore 
conclude tliat the original substance is a di-acid cdcokol. 

There are two ways in which the structure of a compound 
of the formula CH(OH)s maybe represented. They are, — 

CH,(OH) 
(1) I , in which each hydroxyl is represented in combi- 

CHj(OH) CH(OH), 

nation with a different carbon atom ; and (2) i , in which 

CH, 
both_ l^ydroxjls are represented in combination with the same 
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carbon atom. The qnestion at once suggests iteelf, to which of 
these formulas does ethylene alcohol coireBpond? To answer 
this question, we must recall what was said r^arding the' two 
dichlor-ethancs, known as ethylene chloride and ethylideiie chloride. 
The former of these coiTeapondB to the formula CHjCI.CHjCl, 
while the latter, which ia formed from aldehyde by replacing the 
carbonjl oxygen by two chlorine atoma, ia represented by the 
formula CHClj.CHj. When the chlorine atoms of ethylene 
chloride are replaced by hydroxyl, ethylene alcohol ia prodnced. 

CHjfOH) 
Hence, the alcohol has the formula I , or each of the 

CH,(OH) 
hydroxyls is in combination with a different carbon atom. 

All attempts to make the isomeric di-acid alcohol correspond- 
ing to ethylidene chloride, and haying both hydroxyls in combi- 
nation with the aamc carbon atom, as represented iu the formula 
CH(OH,) 

I , have failed. Instead of getting ethylideoe akiohol, 

CH, 

aldehyde is generally obtained. Aldehyde is ethylidene alcohol 
minus water : — 

CH(OH), CHO 

I = 1 +HjO. 

CHj CH, 

It is believed that one carbon atom cannot, under ordinary 
circumstances, hold in combination more than one hydroxyl 
group. If this is true, then ethylidene alcohol cannot be pre- 
pared any more than our hypothetical carbonic acid, CO < ^^, 

cau be. So, too, the simplest di-acid alcohol conceivable, 
viz., methylene alcohol, CH2(0H)i, cannot exist, but would 
break up, if formed at all, into water and formic aldehyde: — 

CH,(OH),= HjO -I- H.CHO. 

(See discussion regarding tlie transformation of alcohol into 
aldehyde, pp. 64-66.) 
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Ethyl alcohol, as was pointed out, may bo regarded either as 
eUjane in which one hjdr<^eu is replaced by hydroxyl, or as 
water iu which oae hydrogen is replaced by the radical CfH,, or 
ethyl. Ethyl, like all the radicals contained in the mon-acid. 
alcohols, is ujiivaient. It is ethane leas one atom of hydrt^eo, 
just as methyl is methane less one atom of hydrc^en. Each 
has the power of uaiting with one atom of hydrogen, or another 
uoivalertt element, or of taking the place of one atom of 
hydrogen. 

If we take away two atoms of hydrogen from methane and 
ethane, we have left the residues or radicals CHg and CiHf. 
These can nnito with two atoms of hydrogen, or take the place 
of two atoms of hydrogen, and they are hence called bivaient 
radicals. 

Just as ethylene alcohol may be regarded as ethane in which 
two hydrogen atoms are replaced by hydrozyls, so it may be 
regarded as water in which the bivalent radical ethylene re- 
places two hydrc^ens belonging to two different molecnlee of 



0<" n^H 



0< 



C,H, 



°<5 



Two malMDlN wuh. Slhyleoe nloohol. 



The higher members of the series of di-acid alcohols will not 
be considered here. 

2. BiBASic Acids. 

Just as there are di-acid alcohols derived from the paraffins, 
BO there are bibasic acids which may also be regarded as deriva- 
tives of the paraffins. We have seen that the simplest acids, 
the monobasic fatty acids, are closely related to formic and 
carbonic acids ; that they may be regarded as derived from the 
latter by replacement of a hydroxyl by a radical, or as derived 
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from the paraffins by the iDtroductlon of the gronp carboxyl, 
COjH. Tbe eonditiona existing in this group are essential to 
the acid properties. If two carboxyls be introduced into marsh 
gas, we would have a substance of the formula CH2(C0jH)j, 
and this is a bibasic acid. It contains two acid hydrogens, and 
is capable of forming two series of salts, the acid and neutral 
salts, like other bibasic acids. It may be regarded also as 
derived from two molecules of carbonic acid by the replacement 
of two hydroxy le by the bivalent radical CHj : — 



OH 
OH 
OH C0<^ 

BlbHJc Hcid. 



.OH 



C0<-^ -"-OH 



The general methods of preparation available for the building 
np of the series of bibasic acids are modifications of those used 
in making the monobasic acids. They are : — 

1. Oxidation of di-add primary alcohols. Just as a mon- 
ftcid primary alcohol, R.CHjOH, yields by oxidation a mono- 
basic acid, so a di-acid primary alcohol, R"(CHiOH)j, yields a 
bibasic acid, R"(COiJI)i. 

2. Treatment of the dicyanides, R"{CN)j, wttk caustic alkalies. 

3. Oxidation of the so-called hydroxy-acids or alcohol acids. 
These are compounds which are at the same time alcohol and 
acid ; as, for example, hydroxy- acetic acid, which ia acetic acid 
in which one of tbe hydri^en atoms of the hydrocarbon residue, 
methyl, has been replaced by hydroxjl, as represented in the 

CHjOH 
formula I . When this is oxidized, the alcoholic portion, 

COjH 
CH^H, is converted into carboxyl, and a bibasic acid is formed. 
i. From the cyanogen derivatives of the monobasic acids, 
snch as cyan-acetic acid, CH, < , by the transformation of 

the (^anogeu group into carboxyl. 
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BIBASIC ACtDS, CH..^.. 



Oxalic 

Malonic 

Succinic 

Pyrotartaric 

Adipic 

Pimelic 

Suberic 

Azelaic 

Sebacic 

Braaaylic 

RoccelUc 



(CO^),. 
CH,(CO,H)(. 
CH.(COJH),. 

C4H8(COjH),. 

CJHu(COJI),. 
CH„(COiff),. 

C^i,(CO»H),. 



Of the many acids inclucled in this list only four or fire can 
I>e said to be well known. We may oonfliie our attention to the 
first four members. 



Ozalio acid, 0|H,Oj;(OOiH),] — In one eense, according to 
tlie accepted definition, oxalic acid is not a member of the series 
with whicb we are dealing, as it is not derived from a hydro- 
carbon by replacement of hydrogen by carboxyl ; nor is it 
derived from two molecules of carbonic acid by replacement of 
two hydroxyls by a bivalent radical. Still it is in other respects 
00 closely allied to the members of the series, and has ao many 
things in common with the other members, that it would be a 
mere act of pedantry to consider it in any other connection. 

Oxalic acid occurs very widely distributed in Nature ; as in 
certain plants of the oxalic varieties, in the form of the acid 
potassium salt ; as calcium salt in many plants ; in urinary 
calcnli ; and as the ammonium salt in gnano. 

It is formed by the action of nitric acid upon many organic 
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substances, particnlarly the different varieties of sngar and the 
so-called carbohydrates, such as starch, cellulose, etc. 

Experiment 34. In a good-sized flaak pour tiaU a litre of ordinarj 
coQceDtrated nitric acid (of apeciflc gravity 1.245) upon lOOt of sugar. 
Heat gentl; until tbe reftCtiou begins. Tben withdraw the flame, when 
the oxidation will proceed with some violence, and accompanied bj a 
copious ejolatlon of red fames. Let it cool, when oxalic add will 
crjBtalllze out. Pom off the mother llqnor and evaporate somewhat, 
when more oxalic acid will crystallize ont. Becrj-stallize from water 
tbe acid thus obtained, and with tbe pure substance perform snch ex- 
periments as will exhibit ita properties. For example, (1) Heat a 
specimen at IW, and notice loss of water; (2) Heat some In a small 
flask with sulphuric acid, and prove that both oxides of carbon are 
formed. 

On the large scale, oxalic acid b mads by heating wood 
shavings or saw-dust with caustic potash and canatic soda to 
240° to 250°. The mass is extracted with water, and the solu- 
tion evaporated to crystallizatioii, when sodium oxalate is de- 
posited. 

Other methods, which are interesting from a purely sclentiflo 
stand-point, are the following : — 

1. The spontaneoDs transformation of an aqueous solution of 
cyan<^en : — 

CN CO,H 

I +4H^= I -I- 2NH,; 
CN CO^ 

CN C0,(HH4) 

or, really, | + 4 H^ = | 

CN C0j(NH4) 

2. Treatment of carbon dioxide with sodium : — 

2 COj -I- 2 Na = CANa,. 

3. Heating sodium formate : — 

2H.COsNa = CjOtNa, -|- 2 H. 
Oxalic acid crystallizes from water in monoclinio prisms con- 
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taining two molecules of vater (CjH^i + 2 H/>) . It loses 
this water at 100°. It enblimes without decomposition at 150° 
to 160°, bnt, if heated higher, it breaks up into carbon mooox- 
ide, carbon dioxide, and formic acid : — 

2 CJHA = 2 CO, + CO, + HCO,H + H,0. 
Stdphanc acid decomposes it into cai-bon monoxide, carbon 
dioxide, and water. Heated with glycerin to 100°, carbon 
dioxide and fonnic acid are formed (see Formic Acid) : — 

CHA = CO, + H.CO,H. 
It is an excellent reducing agent, and is used as a standardizer 
in preparing solutions of potassium permanganate. 

Experiment 86. Try tlie action of a solatlon of potasalom per- 
manganate on a eolDtion of oxalic acid. Wliy Is It beet, to have the 
solution of the permanganate add? 

Oxalic acid is an active poison. It is used in calico printing. 

SaltB of oxalic acid. Like all bibasic acids, oxalic acid forms 
acid and nenb^ salts with metals. All the salts are insoluble 
except those containing the alkalies. Among those most com- 
mon are the acid potassium salt, CiOfHE, which is found in the 
sorrels or plants of the oxalia variety ; the ammoniura salt, 
C,0,(NH^)„ of which some urinary calculi are formed; and 
calcium oxalate, C,0,Ca, which, being insoluble in water and 
acetic acid, is used as a means of detecting calcium in the 
presence of mt^esium. 

Malonic acid, C!,H,Oi[= CH,(CO,H)j] — This acid was first 
made by oxidation of malic acid (which see), and is hence 
called malonic add. It can best be made by starting with 
acetic acid. The necessary steps are: (1) making chlor-acetio 
acid; (2) transforming chlor-acetic acid into cyan-acetic acid; 
(3) heating cyan-acetic acid with an alkali. 

Note for Studbnt. — Write the eqaatlons repreaentlng the three 
Bteps mentloped. 
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It ia a solid which crystallizes in laminee. It breaks np at a 
temperature above 132°, which is its meltiog-poiat, into oarboo 
dioxide aad aoetio add ; — 

"^^'^rOH "" *^Ha.CO^ + CO,. 

Note for Btodbnt. — What Bimple roethod for the prepftration of 
marsh gas and other parafflns Is this reaction anologoas to? 

Suooinio acids, C,H,0,[= CH,(0O,H)J' — Consideriug 
these acids as derived from ethane hy replacing two hydrogens 
with oarboiyl, we see that there may be two corresponding to 
ethylene and etbylidene chlorides. Two are actually known. 
One is the well-known succinic acid; Hie other is called iso- 
succinic add. 

CHj.CO^ 
Suooinio aoid, Bthvlene suooinio acid, I . — 

CH,.CO,H 
This acid occurs in amber (hence its name, from Lat. aucdnum, 
amber) ; in some varieties of lignite ; in many plants ; and in 
the animal organism, as in the urine of the horse, goat, and 
rabbit. 

It is formed ander many circumstances, especially by oxida- 
tion of fate with nitric acid, by fermentation of calcium malate, 
an<}, in small quantity, in the alcoholic fermentation of sugar. 
Among the methods for its preparation are : — 

CH,.CN 

1. Treatment of ethylene cyanide, [ , with a caustic 
alkaU:— CHj.CN 

CH,CN CH,.CO,K 

I +2 KOH + 2 H,0 = I -t- 2 NHj. 

CH^N CHj.COjK 

2. Similarly, by treatment of /9-cy an -propionic acid with an 
alkali. (What is /3-cyan-propionic acid ?) 

3. Beijuction of tartaric and malic acids by means of 
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hydriodic acid. These well-knowD acids wUI be shown to be 
closely related to Bucciaic acid, and the reaction here mentioned 
will be explained. The methods actually used in the prepara- 
tion of succinic acid arc (1) the distillation of amber, and 
(2) the fermentation of calcinm malate. 

The acid crystallizes in monoclinic prisms, which melt at 
180° (try it). It boils at 235°, at the same time giving off 
water, and being converted into the ariliydride: — 
1-1 u -- COOH c'-a 

Among the salts ferric aucdnaie, C,H,Oj.Fe(OH), is of 
special intereet, as it is entirely insohible in water, and may 
therefore be used for the purpose of separating iron from 
aluminium quantitatively. 

Experiment Se. Make a neatral BolntioD of ammoniDm succin- 
ate by neutratiztng an aqueons solution of the acid, and boiling off all 
excess of ammonia. Add some of this solution to a solutton known to 
contain aluminium and Iron in the ferric state. A brown-red precipi- 
tate will be formed. Filter and wash, aad examine the llltrate for Iron. 

CH(00,H}. 
laosuooinio aoid, Ethylidene suooinio aoid, I 

OH. 
This acid is made by treating a-cy an -propionic acid with an 
alkali. (What is a-cyan-propionic acid?) 

iBosuccinic acid forms crystals which melt at 130°. Heated 
to 150° it breaks up into propionic acid and carl>on dioxide : — 
CH(COjH)b ch,.co,h 
I =1 + H^. 

CH, CH, 

iKHmecInli: udd, rropIoDlc add. 

Note for Student. — Notice carefully the difference between the 

two succinic aeids, as shown by their conduct when heated. What is 
the difference? 

Acids of the formula C6H8O,[=CsH.(0O,H)J- — Four 
acids of the formula CgHgO^ arc known, only one of which, 
however, need be considered here. This is, — 
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CH,.CH.C03 . ,^ 
Pyrotartartio acid, 1 ■ — As tne name mdi- 

CH,.C03 
cates, this acid is made by heating tartaric acid. The reactions 
which take place are complicated, and cannot well be represented 
hy equations. The reactions which point to the above formula 
are also comparatively complicated, and their discuBsion at this 
time would tend only to confuse the student. 

Thi-acid Alcohols. 
The existence of mon-acid alcohols corresponding to the 
mon-acid bases, like potassium hydroxide, and of di-acid alco- 
hols corresponding to tiie di-acid bases, like calcium hydroxide, 
suggests the possible existence of tri-add cdcohols correspond- 
ing to tri-acid bases, like ferric hydroxide. There is only one 
alcohol of this kind derived from the paraflBn hydrocarbons that 
is at all well known. This is the common substance glycerin. 

GlyoerJn, GjHeOj. ~- As has been stated repeatedly, glycerin 
occurs very widely distributed as the alcoholic or basic constit- 
uent of the fats. The acids with which it is in combination are 
mostly members of the fatty acid series, though one, viz., oiefc 
acid, which is found frequently, is a member of another series. 
Besides oleic acid, the two acids most frequently met with in 
fete are palmitic and stearic acids. When a fat is saponified 
with caustic potash, it yields free glycerin and the potassium 
salts of the acids. The reactions in the ease of the glycerin 
compounds of palmitic and stearic acids are these: — 

Formation. 

rOH HO.OC.C^Hji rO.CO.C^,, 

C»H, ] OH + HO.OC.CuHj, = CjH, i O.CO.Cj^,, -|- 3 H^. 
( OH HO.OC.C^Hj, ( O.GO.CuH,, 
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f OH HO.OCCHs, f O.OC.C„H„ 

C^] OH + HG.OO.CjHj, = C^J O.OC.C,rH„ + SUfi. 
(.OH HO.OC.C„H„ (o.OC.ChHi, 

Oli'MTin. Sleulo AcM. Qlyoerin Ir 



Saponification. 
CsHJ O.OC.CuHm + 3K0H = CgH.(OH), + 3CuHj,.C0,K. 

(.O.OC.CuHo Glroerin. PaUutom palmltMe. 

pKlmlUD. 

fO.OC.CuHs 
C^J O.OC.C„H„ + 3K0H = C^(OH), + 3C„H».C0^. 

(. O.OC.CiiHm Glre«rtll. FoUHlum Xanle. 

The fate are also deeomposed by superheated Bteam, yielding 
free glycerin and the free acids, and this method is used on the 
large scale, a little lime being added to facilitate the process. 
Lead oxide decomposes fats yielding & mixture of glycerin and 
the lead salts of tlie acids. The mixture is known in medicine 
as "lead plaster." 

Glycerin is formed in small quantity by the alcoholic fermen- 
tation of sugar. 

It has been made synthetically from propylene chloride, 
CgHgClj. The necessary steps are : (1) treatment with chlorine, 
giving C3H1CI3; (2) treatment of the tri-chlorine derivative 
with water, thus replacing the three chlorine atoms by hydroxyl. 

Glycerin is a thick colorless liquid, with a sweetish taste 
(compare with glycol). It mixes with alcohol and water in all 
proportions. It attracts mobture from the air. At low tem- 
peratures it solidifies, forming deliquescent crystals which melt 
at 17°. Under diminished pressure it can be distilled ; but, if 
heated to its boiling-point under tiie ordinary atntospberic pres- 
sure it undei^oes decomposition. It is volatile with water 
vapor. 
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Heat a little glycerin In a dry vessel, and try to 
boil it. What evidence have you that It undergoes decomposition? 
Put 20" to SO™ glycerin in 400" to 500" water in a flask; connect with 
a coudenser, and boil. Prove that glycerin passes over with the water 

The reactions of glycerin all clearly lead to the conclusion 
that it is a tri-acid alcohol. 

(1) The three hydroxyl groups can be replaced sucoeasively 
by chlorine, giving the compounds, — 

Chiorkydrin, CjHj | '^' 



Dichlorhydri 



l(OH),' 



and TricMorhydHn, CbHjCIb, 

which last compound is propane in which three hydrogen atoms 

are replaced by chlorine, or trichlorpropane. 

(2) It forms three classes of ethereal salts containing one, 
two, and three acid residues respectively. For example, with 
acetyl chloride these reactions take place : — 

1. CjHJ oh + C^,0.C1 = CjH.] OH + HCl. 

I OH (.OH 

rOH rOCjHsO 

2. CsH,] OH + 2C^aOa = CaH,] OC2H3O + HCl. 

LOH (oh 

r OH ( OCsHjO 

3. CaHs] OH + 3 CjH,OCl = C,Hs J OCsHjO + HCl. 

(OH CoCsHsO 

In r^ard to the relations of the hydroxyl groups to the parts 

of the radical CjH,, we have very little experimental evidence, 

though it appears highly probable that each hydroxyl is in 

combination with a different carbon atom as represented in the 

CHjOH 

foimuta CHOH . 
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In tbe first place, we have seen above that componndg con- 
taining two hydroxyls in combination with the same carbon 
are not readily formed, if they are formed at all, and we have 
had Bome reason for concluding that this kind of combination 
is impOBsible. It would follow from this that the simpleet tri- 
acid alcohol must contain at leaet three atoms of carbon, just 
as the simplest di-acid alcohol must contain at least two atoms 
of carbon. We have seen that the simplest tri-acid alcohol 
knovni does contain three atoms of carlwa. 

ca,OH 

Further, if the formula of glycerin is CHOH , it contains two 
CH,OH 
primary alcohol groups, CHjOH, and we have seen that this 
group is converted into carboxyl under the influence of oxidiz- 
ing ^ents. Therefore, we would expect by oxidizing glycerin 
CO,H CO,H 

to get products of the formulas, CHOH , and CHOH. Such prod- 

CH,OH CO,H 

ucts actually are obtained, the first being glyceric add (which 
see), and the second tartronic acid (which see). 
Just as ethyl alcohol is regarded ae water in which one 

bydrc^n is replaced by the univalent radical CsH,, as ' ' f O ; 

and glycol is regarded as water in which two hydrogen atoms 
of two molecules of water are replaced by the bivalent radical 

CjH,, as C,H, -BO also glycerin may be regarded as water 

H -^ ■' 
in which three hydrogen atoms of three molecules are replaced 

by the trivalent radical CjIIj, thus : — 



rihyGOOglC 



H.OH 


OH 


H.OH 


CjH, OH. 


H.OH 


OH 


molecnUi water. 


Oljceitn. 
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Ethereal salts of erlyceiiii. — Among the important 
ethereal salts of glycerin are the nUratea. Two of these are 

fO-NO, 
known ; viz., the mono-niU-ale, C^nA OH , and the tri-citrate, 

I OH 
C3Hi(ONO,)5, the latter being the chief constituent of nitro- 
glycerin. Nitro-glycerin is prepared by treating glycerin with 
a mixture of concentrated sulphuric and nitric acids. It is a 
pale yellow oil which is insoluble in water. At —20° it 
crystallizes in long needles. It explodes very violently by 
concussion. It may be burned in an open vessel, but if heated 
above 250° it explodes. Dynamite is infusorial earth impreg- 
nated with nitro-glycerin. Nitro-glycerin is the active constitu- 
ent of a number of explosives. 

Fats. — The relation of the fats to glycerin has already been 
stated. Here it will be necessary only to mention the composi- 
tion and characteristics of some of the more common fats. 

Most fats are mixtures of the three neutral ethei'eal salts 
which glycerin forms with palmitic, stearic, and olei'c acids, 
and which are known by the names palmitin, stearin, and ol&tn, 
OMn is liquid, and the other two fats are solids, stearin having 
the higher melting-point. Therefore, the latter the proportion 
of oleln contained in a fat the softer it is, while the greater the 
proportion of stearin the higher its melting-point. Among the 
fats which are particularly rich in stearin may be mentioned 
mutton tallow, beef taUow, and lard. Human fat and palm oil 
are particularly rich in pahnitin. Sperm oU and cod-liver oil 
are rich in oMn. 

Butter consists of ethereal salts of glycerin and the follow- 
ing acids : myristic, palmitic, and stearic acids, which are not 
volatile, and butyric, caproic, caprylic, and capric acids, which 
are volatile with water vapors. All the acids mentioned are 
members of the fatty acid series. Some of these acids are 
soluble and some are insoluble in water. The percentage of 



D,gn,-.rihyGOO^Ie 



152 DERrVATrVBS OP THE PAEAPFIN8. 

iusoluble fatty acids contnined ia butter has been found to be 
88 per cent. As the proportion of insoluble fatty acide con- 
tained io artificial butters, such as the so-called oleo-margarin, 
. is greater than that contained in butter, it is not a difflcult 
matter to distinguish between the two by determining the 
amount of these acide contained in them. 

Tbi-basic ACID3. 
There ia but one acid to be considered under this head. It 
is, — 

Tri-carballylio aoid, CjBtlCOjHlj. — This acid may be 
made from trichlorhydrin, CjHjCIa (which see), by replacing 
the chlorine by cyanogen, and heating the tHcyanhydrine thus 
obtained with an alkali, It may be made also by treating 
aconitie acid (which see) with nascent hydrogen. 

It crystallizes from water in rhombic prisms which melt at 
157° to 158°. 

Tetr-acid Alcohols. 

Brjrthrite, 0,H,o04[=C4H8(OH)(], — This substance occurs 
in one of the algse {PT<Aococeu8 vulgaris) and in several lichens. 
It crystallizes from water in quadratic prisms. It has a very 
Bweet taste. The fact that tlie simplest tetr-acid alcohol con- 
tains four atoms of carbon should be noted specially. 



There is no tetra-basic add derived from the hydrocarbons of 
the paraffin series. 

Peht-acid Alcohols. 
Only one substance need be considered under this head, and 
even this one is rare. It is, — 

Querolte, CbH,(OH)s. — Quereile ia formed in acorns. It 
crystallizes in prisms from its solutions in water. 
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No petUa-baaic add bolonging to this series is knoTTO. 

Hex-acid ALCOHOLa. 

There are two isomeric hex-acid alcohols kaown. Both are 

derived from hcxane, and have tlie compoeition represented hy 

the formula C,Hg(OH)g. It will be noticed that these Aex-acid 

alcohols contain six carbon atoms each. 

Uamiite, C3a(OH)s Mannite is widely distribnted in 

the v^etable kingdom. It occurs most abundantly in manna,' 
which is the partly dried sap of the manna-ash (Fraxinus 
omus) . It is obtained from incisions in the bark of the tree. 

Mannit« is foi-med in the lactic acid fermentation of sugar. 
It is forpied also by the action of nascent hydrt^en on glucose 
and cellulose, or on inverted cane sugar. This indicates a dose 
rdcUionshtp between the sugars and mannite. Mannite crystal- 
lizes in needles, or rhombic prisms, which are easily soluble in 
water and in alcohol. It has a sweet taste. 

Nitric acid converts mannite into soccAaric acid (which see) . 
When boiled with concentrated hydriodic acid, it is converted 
into secondary hexyl iodide, CgHyl. 

Mannite heza-nitrate (nitro-mannite), CBH,(O.N0,)a, is 
formed by treating mannite with a mixtui-e of concentrated 
sulphuric and nitric acids. It is a solid substance and is very 
explosive. (Analogy with nitro-glycerin.) 

Mannite hex-acetate, CoHafO.CHjOo, is formed by treat- 
ing mannite with acetic anhydride. Its formation, as well aa 
that of the hoxa-nitrate, shows that mannite is a hex-acid alcohol. 
For the purpose of making the acetates, acetic anhydride is 
sometimes used Instead of acetyl chloride. In some cases in 

' The maniA ol the Scriptures kbh obtained from tbe bruicb 
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which the latter nill not work, the former answers very well. 
Heuco acotic anhydride has come into use as a reageut, which 
enables ua to decide whether a Bubstance under examination is 
or is not an alcohol ; and, if it is, to which class (whether 
moQ-acid, di-acid, tri-add, etc.) it belongs. 

Duloite, CcHj{OH),. — This occurs in a kind of manna 
obtained in Madagascar, the source of which, however, is 
unknown. It is formed by treating sugar of milk or galactose 
with nascent hydrogen (compare with mannite in this respect). 

Dulcite crystallizes in monoclinic prisms ; easily soluble in 
water and in alcohol. 

Nitric acid oxidizes dulcite, forming muci'c add (which see), 
isomeric with saccliaric acid, which is formed from mannite. 
Like mannite, when boiled with hydriodic acid it yields second- 
ary hexyl iodide, CgH^I. With acetic anhydride it yields duhUe 
hexHicetate, C^^O.C^jO),. 



There are no hexa-basic atnda tnown belonging to this series. 

Neither alcohols nor acids are known containing more than 
six alcoholic or acid groups. We have, therefore, completed 
an a<!COunt of the alcohols, acida, aldehydes, ethers, etc., derived 
from the paraffin series of hydrocarbons. But we are not yet 
prepared to pass on to the next aeries of hydrocarbons. The 
compounds which up to this time have been considered belong 
to distinct classes. Each one, with very few exceptions, is 
either an alcohol or an acid, an aldehyde or a ketone, etc. 
The few exceptions referred to are the acid ethereal salts, such 
as ethyl-sulphuric acid, ' ^q > 80„ which may be regarded as 
both ethereal salt and acid at the same time, and the alcoholic 
ethereal salts, corresponding to basic salts ; anch, for example, 
as glycerin mcm-acetate, C,Hj J .q^, ' , which may be regarded as 
ethereal salt and alcohol at the same time. Sudi oompouud& 
may be called mixed compounds. 
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CHAPTER X. 

MrSBD COMPOtTNDS.-DBRIVATrVBie OF 
THE PARAFFINS. 

Undeb this head are included such compoDnds as belong at 
the same time to two or more of the chief classes already cou- 
Bidered. Thus, there are substances which are at the same 
time alcohols and acids. There are others which are at the 
same time alcohols and aldehydes, alcohols and ketones, acids 
and ketones, ete. Fortunately, for our purpose, the number 
of compounds of this kind actually known is comparatively 
small, though among them are many of the most important 
natural compounds of carbon. The first class which presente 
itself is that of the cdcoAol acids or acid alcohols; that is, sub- 
stances which combine within themselves the properties of both 
alcohol and acid. They are commonly called ovy-adda or 
hydroxy-acida. 

HtDKOXT- ACIDS, CnHjjOj. 

These acids may be regarded either as monobasic acids into 
which one alcoholic hydroxyl has been introduced, or as mon- 
acid alcohols into which one carboxyl has been introduced. As 
their acid properties are more prominent than the alcoholic 
properties, they are commonly referred to the acids. Running 
parallel, then, to the series of fatty acids, we may look for a 
series of hydroxy -acids, each of which differs from the corres- 
ponding fatty acid by one atom of oxygen, or by containing one 
hydroxyl in the place of one hydr<^en, thus : — 
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Fitly luldi. Hydroij'-Bdda. 

Formic acid . . . H.CO^ HO.COjH- 

Acetic acid . . . CHj.CO.H '^Hj<^^ . 

Propiopic acid . . C^,.CO^ *^'^'^rOH' 
etc. etc. 

The first member of the sericB, which by analt^iy would be 
called hydroxy-formic acid, is nothing but our ordinary hypo- 
thetical carbonic acid. Although its relation to formic acid is 
the same as that of the next member of the series to acetic 
acid, it certainly has no properties in common with the alcohols ; 
but, owing to its peculiar structure, it is a bibaaic acid which 
the other members of the series are not. Nevertheless, it may 
be referred to here for the sake of a few of its derivatives, 
which are somewhat allied to those of the hydroxy-acida proper. 

Oarbonio acid, H,COs[ CO < qh )' — ■'"*'* believed that 
this body exists in solutions of carbon dioxide in water. All 
that is known about it is that it is a feeble bibasic acid, and 
breaks up into water and carbon dioxide whenever it is set free 
from its salts. We have seen that this instability is generally 
met with in compouuds containing two hydroxyls in combina- 
tion with one carbon atom. 

Among the derivatives of carbonic acid which may be re- 
ferred to at this time are the ethereal salts. These may be 
made: — 

1. By treating silver carbonate, CO < ^, with the iodides 
of alcohol radicals ; as, for example, — 

CO<^fS + 2 c,H.I = C0<^'^» + 2 Agl. 
OAg OCjH, 

2. Bj' treating the alcohols with carbonji chloride, COClj : — 

COCU + 2 C^sOH = CO(0(yis)j + 2 HCI. 
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Bthyl chlor-carbonate, CO<?f,.o-- — This compound 
ie made by treating alcohol with carboujl chloride : — 
COCl, + C3.0H = CO<^p„ + HCl. 

It may be regarded as the ethyl salt of mouo-chlor- formic 
acid, CI.COOH ; and, properly speaking, should be called ethyl 
chlor-formate. 

Carbon bisulphide acts very much like carbon dioxide towards 
alkaUes and alcohols, and thus a number of ether acids and 
ethereal salts containing sulphur may be made. Thus, when 
carbon bisulphide is added to a solution of caustic potash in 
alcohol, a potassium salt of the formula CS< '^ is formed. 
This is caUed potassium xanthogenate. The free xanthogenic 
acid is very unstable, breaking up into alcohol and carbon 
bisulphide. The formation of the salt is represented by the 
following equation ; — 

CS, + KOH + C3.0H = CS < ^"' + H,0. 

A similar salt made from ordinary amyl alcohol has been used 
for the purpose of destroying phylloxera, the insect, which is so 
destructive to grape-viues, particularly in the wine districts of 
France. 



General mOkods for the prepartUion of hydroxy-acids. The 
methods available for making the hydroxy-acids are modifica- 
tions of those used for making alcohols and acids. 

Starting from a mon-acid alcohol, we may make a hydroxy- 
acid by the same methods which we used in making an acid 
from a hydi-ocarbon. Suppose, for example, that we are to 
make acetic acid from marsh gas. The reactions which we 
make use of are : (1) the preparation of a halogen derivative ; 
(2) conversion of the bal<^en derivative into the cyanogen 
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derivative ; and (3) converBion of the cyauc^en derivatdve 
into the acid. We describe the resulta of these operations by 
sayii^ that we have introduced carboxyl. By similar opera- 
tions we may iutroduee carboxyl into methyl alcohol, and the 
product ie hydrox}' -acetic acid. 

It is, however, generally better to start trom an acid and in- 
troduce hydTOsyl. This may be done ia several ways : — 

1. By treating a halogen derivative of an acid with water or 
silver hydroxide : — 

,0H 



2. By treating an amido derivatvve of an acid with nitrous 
acid (see page 98) : — 

Amldo-BceUc acid. 

3. By treating a au/pAtwitc-nctti derivative of an acid with 
caustic potash : — 

CH.<^^'^" + KOH = CH,<^^„ + KHSO,. 

Sulptao-Hc^tlc wld. 

The first two of these reactions have been described and men- 
tioned as affoniing methods for the introduction of hydroxyl 
into hydrocarbons. It will be seen that the only difference 
between the reactions used in making alcohols and those used 
in making hydroxy-acids is that in one case we start from the 
hydrocarbons, while in the other we start from the acids. 

Glyoolic aoid, hydroxjr-acetic acid, ozy-acetio acid, 
CjHtOj[=CH)<pQ ). — Glycolic acid is found in nature in 
unripe grapes, and in the leaves of the wild grape (Ampelopsia 
hederacea) . 
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It may be made from gljcocoll, which is amido-acetic acid 
(see reaction 2, above), from brom- or chlor-acetic acid and 
water (eee reaction 1, above), by the oxidation of glycol: — 

CH^H CO^ 

I +0=1 + H,0. 

CH,OH CHjOH 

Gljeol. Glycolle Mid. 

This constate in transforming one of the primary alcohol gronpe, 
CH,OH, contained in glycol into carboxyl. (What would be 
formed by conversion of both the primary alcohol groups ot 
glycol into carboxyl ?) It may also be made by careful oxida- 
tion of ethyl alcohol with nitiic acid. For this ptirpose a 
mixture of alcohol and nitric acid is allowed to stand until no 
further action takes place. 

Glycolic acid forms crystals which are easily soluble in water, 
alcohol, and ether. 

Ab an acid, glycolic acid forms a series of salts with metals, 
and ethereal salts with alcohol radicals. The latter, of which 
ethyl glycolate may be t^en as an example, may be made by 
means of one of the reactdons usually employed for making 
ethereal salts ; for example, by treating silver glycolate with 
ethyl iodide: — 

<='^<00,Ag + <=-'^' = ™'<CO.CH. + ^'- 
In this reaction, aB well as in the formation of salts of glycolic 
acid, the alcoholic hydroxyl remains unchanged. 

As an alcohol, glycolic acid forms ethers of which ethi/l- 
glycolic acid, CHj < f.^',,''i ^^J seiTe as an example. It will be 
seen that this is isomeric with ethyl glycolate. But while the 
latter has alcoholic properties, the former has acid properties. 
Ethyl glycolate is a liquid which boils at 160°. Ethyl^lycolic 
acid is a liquid which boils at 206° to 207°. Finally, as an 
alcohol, glycolic acid forms ethereal salts, of which acetyl- 
glycolic acid may serve as an example. This is glycolic acid 
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in which the hydrogen of the hjdroxyl is replaced by acetyl, 
CH, < pj^ ir ' 1 bearing, as will be seen, the same relation to 
glycolic acid and acetic acid that ethyl acetate, C^g.O.CJHjO, 
bears to alcohol and acetic acid. 

Glycolic acid and tlie other acids of the same series lose 
water when heated, and yield peculiar anhydrides. The product 
obtained from glycolic acid ia known as glycolide. It has 
neither acid nor alcoholic properties, and is, therefore, be- 
lieved to be derived (Vom glycolic acid as represented in this 
eqoatioD ; — q 

Olyeollde. 
Glycolide is insoluble in cold water. When boiled for a long 
time with water, it is converted into glycolic acid. 

Lactic acids, hrdrozr-propionio acids, ozy-propionio 
acids, OiH,Oi[= OA < qo^)' — ^° speaking of propionic 
acid, it was pointed out that two seriefl of snbetitation -products of 
the acid are known, which are designated as the a- and /J-series. 
Accoi^dingly we would expect to find two hydroxy -propionic 
acids, the a- and the ^-acid. Two lactic acids have been 
known for a long time. One of these is ordinaiy lactic acid; 
the other a variety which is found in flesh, and hence called 
aarco-lactic acid. But, strai^e to say, a thorough investigation 
of these two acids has proved that both must be represented by 
the same structural formula, as both conduct themselves in 
exactly the same way towards reagents. And, further, one 
other hydroxy-propionic acid ie certainly known, and even a 
fourth has been described. The facts then are these: three, 
and probably four, acids are known, all of which are hydroxy- 
propionic acids. Onr theory enables us to foretell the existence 
of only two. Before discnssing this discrepancy let us briefly 
consider the acids themselves. 
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1- Lootlo acid, inactive ethylidene-lactic acid, a-h7- 
droxy-propionio acid, CHj-CH < no g- — Tlie chief method 
for making lactic acid conaiats in the fermentation of sugar 
by the lactic-acid ferment. This process has already been 
described under the head of Butyric Acid. It is carried out 
best by dissolving cane augar aad a little tartaric acid in 
water; then adding putrid cheese, milk, and zinc carbonate. 
The object of the zinc carbonate ia to prevent the solution 
from becoming acid, aa the presence of free acid is fatal to the 
ferment. The sugar is convert«d first into glucose, C^uOg; 
and this then breaks up into lactic acid : — 
CHuO, = 2 CaHgO,. 
It will be remembered that by continued action of the ferment 
on the lactic acid, butyric acid is formed (see Butyric Acid). 
Lactic acid may be made also by fermentation of sugar of 
milk, and is hence contained in sour milk ; by boiling a-chlor- 
propionic acid with alkalies, — 

^ CI . K-riTT _ f(u ^ OH 



and by treating alanine (a-amido- propionic acid) with nitrons 
CH, -CH < 5?' + HNOj = CHj -CH < ^_ + N, + H,0. 

Lactic acid is a thick liquid which mixes with water and 
with alcohol in all proportions. 

Treated with hydriodic acid, it is reduced to propionic acid. 
Treated with hydrobromic acid, it yields a-brom-prop ionic acid, 

2. Saroo-laotio acid, active ethylidene-lactic acid, 
OHj.CH<J;?_. — This acid occurs in the liquids expressed 
from meat. It is therefore contained in " extract of meat," 
and may be obtained most readily from this source. 
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Its propertiea are, for the moat part, like tbose of inactive 
lactic ncid, and its conduct towards reagents is in all respects 
the same. Its salts are somewhat more easily soluble than 
those of ordinary inactive lactic acid. The chief difference 
between the two is observed in the action towards polarized 
light. Active lactic acid turns the plane of polarization to the 
light. It is dextro-rotatory. Its salts are all Iffivo-rotatory. 
On the other hand, neither inactive lactic acid nor its salts 
exert any action apon polarized light.' 

8. Hydracrylic acid. 1 0H,OH 

p-Hydroxy-propionic acid, J 0Hj.00,H' 
Hydracrylic acid is made by boiling ;8-iodo-propionic acid with 
water or silver oxide and water : — 

CHjI CH,.OH 

I + HHO =1 + HI. 

CH,.CO,H CHj.COJH 

CH, 
It is made also by starting with ethylene, I . When this 
CH, 
hydrocarbon is treated with hypochlorous acid, HOCl, it is cou- 

CHjCI 
verted into ethylene-chlorhydrine, I (which see), whiob 

CHjOH 
may be made by treating ethylene alcohol with hydrochloric 
- acid: — 

CHjOH CH,C1 

I + HCI = I + H^. 

CHjOH CH^H 

By replacing the chlorine with cyanogen, and boiling the cyan- 
CH,OH 
hydrine, I , thus obtained, with an alkali, hydracrylic acid 

CH,CTI 
is obtained. 

These reactions clearly show that hydracrylic acid is an 
ethylene componnd, and, as it is made from ;3-iodo-propionic 

• Bte ■fltlTS ud iiuctlTe am;] ilcoliolg, p. IM. 
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acid by replacing the iodine with hjdroxyl, it follovs further 
that the /S-BubBtitution-prodnctB of propionic acid are ethylene 
prodnctB, and that the a-products are ethylidene products (see 
p. 131). 

Hydracrylic acid is a syrup. Its salts differ markedly from 
those of the inactive and active lactic acids. When treated, it 
loses water and ie transformed into aerylui acid, CHi.CH.COjH 
(which see). 

The difference in condact between ethylidene-laetic acid and 
etbylene-Iactic acid, when heated, is interesting and snggeetive. 
When ethylidene-laetic acid is heated, both its acid and alco- 
holic properties are destroyed, both the alcoholic and acid 
hydroxyla taking part in the reaction. Whereas, when ethyl- 
cne-Iactic acid is heated, only the alcoholic properties are 
destroyed, the carboxyl remaining intact. 

4. Ethylene-lactic acid. — A fourth hydroxy-propionic 
acid, called ethylene-lactic acid, has been described as occur- 
ring in meat. There appears, however, to be some little doubt 
in regard to its existence. 

Withont reference to the fourth doubtful lactic acid, the fact 
remains that there are more hydroxy-propionic acids known 
than our theory can account for. Other cases of this kind are 
known, and one very marked and especially interesting one 
will be referred to when tartaric acid is considered. It will be 
shown that just as there is an active and an inactive lactic acid, 
so there is an active and an inactive tartaric acid, which con- 
duct themselves in the same nay towards reagents, and must 
hence be represented by the same structural formula. 

Apparently we have here to deal with a new kind of isome- 
rism. Bodies may conduct themselves chemically in exactly 
the same way, and yet differ in some of their physical proper- 
ties, as in their action towards polarized light. To diBtinguish 
this kind of isomerism from ordinai'y chemical isomerism it is 
called physical isomerism. 
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An ingenions hypothesis has been put forward by way of 
explanation of that pat'ticular kind of physical isomerism which 
shows itself in the action of compounds upon polarized light. 
It must be remembered that our ordinary formulas have nothing 
whatever t6 do with the relations of the atoms and groups in 
space. They indicate chemiccd relations which are discovered 
by a stndy of chemical reaetiona. At present, it is hazardous 
to indulge in speculations regarding the relations of the parts 
in space, and, while the hypothesis which is to be explained 
briefly ia ingemous and interesting, the student should be careful 
not to be carried away by it. He should remember that it is 
only a thought. 

Let us suppose that in a carbon compound one carbon atom 
is situated at the centre of a tetrahedron, and that the four 
atoms or groups which it holds in combination are at the angles 
of the tetrahedron as represented in Fig. 10. 

If these groups are all different in kind, and only in this 
case, it is possible to arrange them in two ways with reference 
to the carbon atom. The difference between the two arrange- 




ments is that which is observed between either one and its 
reflection in a mirror. Imperfectly the second arrangement of 
the figure above represented is shown in Fig. 11. 

A carbon atom, in combination with four different kinds of 
atoms or groups, is called an a^mmetriccd carbon atom. 
Whenever, therefore, a compound oont^ns an asymmetrical 
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carboD atom, there are two possible arrangements of ita parts 
in space which correspoDd to the two complementary tetra- 
hedrons, viz., the rigiU-kaniied and the leji-kanded tetrahedron. 
In ethylidene lactic acid there is aa asymmetrical carbon atom, 
as shown by the ordinary formula, which may be written thus : 
H 

CH, — C — OH, the central carbon atom appearing in combination 

CO,H 
with (1) hydrt^en, (2) hjdroxyl, (3) carboxyl, and (4) metliyl. 
Hence, according to the hypothesis just stated, there ought to 
be two possible arrangements of the parts of a compound 
containing this group, one corresponding to the right-handed 
tetrahedron, the other to the left-handed tetrahedron. Both 
would be etkylidene-lactic adds. Thus we have at least a 
plausible explanation of the existence of two ethylidene-lactic 
acids. 



There are several hydroxy-butyric and valeric acids known, 

but they need not be considered here. 



HlDKOXT-ACIDS, CnH^Oi. 

The acids just considered may be called monohydroxy-mono- 
basic acids. Similarly, there are dihydroxy-vionobaaic acids, 
which may be regarded as derived from the monohydroxy-acids 
by the introduction of a second hydroxyl. Thus, if into lactic 

acid, CHj.CHK ' , a second hydroxyl be introduced, the 

CH,.OH 
product would have the formula CH.OH. This iithe best 

CO,H \ 

known dihydroxy-monobasic acid of the paraffin series. 
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eHycerio acid, 03.oJ = CHOH L — This acid has been 



00,H 

referred to as the first product of the oxidation of glycerin. It 
is prepared by aliowing glycerin and nitric acid to stand together 
at the ordinary temperature for some time, and then heati:^ on 
the irater-bath. It may be made aleo by treating one of the 
chlor-lactic acids with water. 

Note for Student. — Explain tbls reaction. 

Glyceric acid is a thick syrup which mixes witii water and 
alcohol. When treated with very concentrated hydriodic acid, 
it is converted into ^-iodo- propionic acid. This conversion 
involves two reactions ; — 

CHjOH CHJ 

I I 

(1) CHOH + HI = CHOH + H^, and 



(2) CHOH + 2 HI = CH, 



Hydboxy-acids, CnHjn-iOj. 

The acids included under this head are monohydroxy-dSMtdc 
octds. They bear the same relation to the ^ibasic acids of the 
oxalic acid series that the simplest hydroxy-acids bear to the 
members of the formic acid series. The principal members of 
this series, and the only ones which will be considered, are 
tartronic acid and malic acid. 



D,gn,-.rihyGOO^Ie 



MALIC AOID. 167 

Tartronio acid, OsH*Os(=CH(OH)<^°^|[). — This acid 
IB prepared by an indirect method from tartaric acid. It may 
be made, — 

(1) By boiling brom-malonic acid with silver oxide and 
ffat«r: — 

(2) By treating brom-cyan-acetjc acid with canstic potash ; — 
CHBr < ^ + 2 KOH + H,0 

= CH(OH) <^^^ + NH, + KBr. 

Tartronic acid is a solid which crystallizes iu prismatic crystals. 
It is easily aolnble in water, alcohol, and ether. It melts at 
145°, At 155° it gives off carbon dioxide and water, and is 
converted into glycolide (which see) : — 



(1) 



CH{OH)<™J.Ca<OH^ + CO.. 

aifcollB acid. 



Note for Stusbnt. — Compare reaction (1) with that which takes 
place when lao-succlnlc acid is heated, and note the analog]'. 

Hydroxy-HUQoinio aoida, C,H,06f=0,Hj(OH)<^9'^\ — 
Three bydroxy-succinic acids have been described, the principal 
one being ordinary malic acid. 

/■ OH(OH).CO,H\ 
Malic acid, O.H,OJ - I I.— This acid is very 

widely distribnted in the vegetable kingdom, as in the berries 
of the mountain ash, in apples, cherries, etc. 
It is best prepared from the berries of the mountiun ash 
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which have not quite reached ripeoesB. The berries are presBed 
and boiled with milk of lime. The acid passes into solution as 
the calcium salt, and this is purified by crystalUzatioD. 

It may be made also by treating aspartic acid, which is amido- 
Buccinic acid, CjH,(NH,) < ^J„, with nitrons acid, and by treat- 
ing tartaric acid with hydriodic acid. Tliis latter reaction will 
be explained when tartaric acid is considered. Tartaric and 
malic acids are closely related to eacti other, and both are 
related to succinic acid, as will appear from the reactions. 

Malic acid is a solid substance which crystallizes with diffi- 
culty. It is very easily soluble in water and in alcohol. Its 
sottUions turn t?ie plane of polarization to the right or to the left, 
according to the concentration. 

When heated it loses water and yields either fumaric or 
maleic acid (which see), according to the temperature. These 
acids are isomeric, aud both are represented by the formula 
C,H,< ' . The reaction mentioned is represented by tbe 
following equation : — 



NoTB FOR STUD1114T. — Compare this reaction with that which takes 
place wtien hydracrylic is heated, and note the analogy. 

When treated with hydriodic acid, malic acid is reduced to 
succinic acid. 

Note foe Student. — Compare thla reacHon with the conduct of 
lactic and glyceric acids when treated with hydriodic acid- 
Treated with hydrobromic acid, malic acid is converted into 
mo no -brom -succinic acid. 

The reactions jast described show clearly that malic acid is 
hydroxy-succinic acid. Nevertheless, if hydroxy-succinic acid 
be made by treating brom-succinic acid with silver oxide and 



D,gn,-.rihyGOOglC 



PURIFICATION OP THE COMPOUNDS. 



In the case of liquids, the process of distillation is used, 
The apparatus commonly used is illustrated in Fig. 1. 



The only part of the apparatus which requires any expla- 



nation is the tube A. This 
It is simply a straight glass 
tube, about Id"" long and 12 to 
14""" in diameter, to which is 
attached a smaller brauch some- 
what inclined downward. The 
object of the tube is to accom- 
modate a thennometer B, which 
is so fixed by means of a cork, 
that it is in the centre of the 
larger tube, and its bulb directly 
opposite the opening of the 
smaller branch. 

For small quantitiesof liquids, 
the distilling flask is much nsed. 



known as the distilling tube. 



T-nccked, rosnd 
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flask, with a branch tube fitted directly into the neck, as sbowii 
in Fig. 2. In this apparatas, the thermometer is fitted into 
the neck of the flask in the eame relation to the exit tube as in 
the lai^er apparatus. 

For the separation of liquids of -different boiling-points, the 
process ot fractional or partial distillation is much used. "When 
a mixture of two or more liquids of different boiUng-pointe is 
boiled, it will be noticed that the boiling-point gradually rises 
from that of the lowest boiling substance to that of the highest. 
Thus, oi-dinary alcohol boils at 78°, and water at 100°. If the 
two be mixed, and the mixture distiUed, it will bo found that it 
begins to boil at 78°, but that very little passes over at this 
temperature. Gradually, as the distillation proceeds, tbe tem- 
perature indicated by the thermometer becomes higher and 
higher, until at last 1 00° is reached, when all distils over. Now 
the distillates obtained at the different temperatures differ from 
each other in composition. Those obtained at the lower tem- 
peratures are richer in alcohol than those obtained at the higher 
temperatures, but none of them contains pure alcohol or pure 
water. In order to separate the two, therefore, we must pro- 
ceed as follows : A number of clean, dry flasks are prepared for 
collecting the distillates. The boiling- is begun, and the point 
at which the first drops of the distillate appear in the receiver is 
noted. That which passes over while the mercury rises through 
g. certain number of degrees (3, 5, or 10, according to the ehar- 
aeter of the mixture) is collected in the first flask. The receiver 
is then changed, without interruption of the boiling, and that 
which passes over while the mercury rises through another 
Interval equal to the first is collected in the second fiask. The 
receiver is again changed, and a third distillate collected ; and 
so on, until the liquid has all been distilled over. It has thus 
been separated into a number of fractions, each of which has 
passed over at different temperatures. In the case of alcohol 
and water, for example, we might have collected distillates from 
78° to 83% from 83° to 88°, from 88° to 03°, from 93° to 98°, 
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water, the product is not identical with ordinary malic acid, 
though the two resemble each other very closely. The acid 
thiia obtuned is — 

Inactive malio acid, CiHi(OH) < S^^- — Inactive malic 
acid may be made not only by the method first mentioned, bat 
by several others, which indicate that the relation between it 
and succinic acid is that expreBsed in the formula given. It, 
like ordinary malic acid, is unqucstioaably a hydroxy -succinic 
acid, and both are derived from ordinary succinic acid. 

Other reactions for the preparation of inactive malio acid 
are, — 

(1) By treating dichlor-propionic acid with potassinm cyanide, 
and boiling the product with caustic potash : — 

CHiCl.CHQ.CO^ + KCN 
CHjCN 
= I +KC1; 

CHCl.COjH 
CH,CN 
and ! +2K0H + H^ 

caia.cOtH 

CHj.COaK 
= 1 + KCl + NH,. 

CH(0H).COjH 

(2) By heating ftimarie acid with water : — 

(3) By reduction of racemic acid with hydriodic acid. Ra- 
cemic acid has the same composition as tartaric acid. The 
latter, when treated with hydriodic acid, yields active malic 
acid. 

The properties of inactive malic acid are very much lilce 
those of active malic acid. As regards their chemical conduct 
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they are almost ideatical. The principal difference between 
tliem is observed in their conduct towards polarized light. 
They present a new ease of physical isomerism of the same 
kind as that referred to ia connection with the lactic acids 
(which see). The same hypothesis may be applied to this 
case, for malic aeid coDtains an ast/mmetrical carbon atom, as 
will be seen by writing the formula in this way : — 
H 
I 
COiH-C-OH. 
I 
CHj.COJI 

Hydroxy- Acms, CnHB„_,Og. 
These are di-hydroxy-dibaeic adds. The chief members of 
the group ai-e mesoxalic acid and the different modifications 
of tartaric acid. 

Mesoxalic aoid, C3iO/=0(OH),<^2'|[)- — This acid 
is obtained by indirect and rather complicated reactions from 
, uric acid (which see). It has been made also by boiling di- 
brom-malonic acid with baryta-water. 

HOTB FOB Student. — Explain thia reaction. 

The acid forms deliqnescent needles. When boiled it loses 
carbon dioxide and water, and glyoxylic acid, which is an alde- 
hyde and acid related to oxalic acid, is formed : — 

cct Ti CHO 
C(OH),<^JJ^" =1 + CO, -f- H/>. 

Olyoif lie acid. 
This acid affords an example of a very rare condition; viz., 
the existence of a compound in which two hydroxyls are in 
combination with one and the same carbon atom. 
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Di-hydroxy-succinic acids. C,HeOJ= C,Hj(OH),<2q 5 ]■ 

CH(OH).CO,H 
Tartaxlo acid, I • — Ordinary tartaric acid 

CH(OH).COiH 
occurs very widely distributed in fniita, sometimes free, eome- 
timea in the toim of the potassium or calciuin salt; as, for 
example, in grapes, berriea of the mountain ash, potatoes, 
cucumbers, etc., etc. 
It may be made by the following methods : — 

(1) By oxidizing sugar of milk with nitric acid; 

(2) Also by oxidizing cane sugar, starch, glucose, and other 
similar substances. 

Tartaric acid is prepared from "tartar," which is impure 
acid potassium tartrate. When grape juice ferments this salt 
is deposited. It ia purified by crystallization, converted info 
the calcium salt by treating it with chalk, and the calcium salt 
then decomposed by means of sulphnric acid. 

The acid crystallizes in large monoclinic prisms, which are 
easily soluble in water and alcohol. It melta at ISS'. /to 
aolvHon turns the plane of polarization to the right. 

Treated with hydriodic acid, tartaric acid yields first malic 
acid and then ordinary succinic acid: — 

(1) C^,(0H),<™'° + 2HI 

- Cfl.(OH)<CO'J| + H^ + I,; 
M.]ic add. 

(2) C,H.COH) <™^ + 2HI 

Bucdnlo Held. 

While malic acid is mono-hydroxy -succinic acid, ordinary 
tartaric acid appears to be di-hydroxy -succinic acid. But^ juat 
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ae we fonnd that the malic acid prepared from moDo-brom-enc- 
cinic acid ia optically inactive, and therefore differeDt from 
natural, active malio acid, ao too it has been fonnd that the 
tartaric acid prepared from di-brom-eucclDic acid in optically 
iuactive, and therefore different firom ordinary tartaric acid. 
The relations between the natural and the artificial acids will 
be considered more fully below. 

Tm-tratea. Among the salts the following may be mentioned 
specially : — 

Mono-potaasium tartrate, KH.CfHiOg. TliiB is the chief 
constituent of tartar. In pure form, as used in medicine, it Is 
known nnder the name of cream of tartar. 

Sodium-potassium tartrate, KNa.C,H40g + 4 HjO. This 
salt crystallizes very beautifully. It is known as RodieUe salt 
or Seignette salt. 

Cakium tartrate, Ca.C3iOs + 4 HjO. This salt occnrs in 
senna leaves and in grapes. It forms a crystalline powder or 
rhombic octahedrons. 

Potassium -antimonyl tartrate, K(SbO) .CJIfia + iHiO. 
This ia known as tartar emetic. It is prepared by digesting 
antimonic oxide with mono-potasaium tartrate. It cryetallizea 
in rhombic octahedrons. It loses its water of crystallization at 
100°, and at 200 t« 220° is converted into an antimony potas- 
sium salt of the formnla ESb -C^HA ■ 

2. Raoemio acid, 0,HiO, + HjO. — Racemic acid occurs, 

tt^ether with tartaric acid, in many kinds of grapes, and, on 
recryetallizing the crude tartar, acid potassium racemate, being 
more soluble than tlie tartrate, remains in the mother liquors. 
Racemic acid is formed by boiling ordinary tartaric acid with 
water, or with hydrochloric acid. If tai-taric acid be heated 
with water in sealed tubes at 175°, it is almost completely 
transformed into racemic acid. It ia formed further by oxida- 
tion of dulcite, mauuite, cane sugar, gum, etc., with nitric 
acid. It, together with a third variety of tartaric add, knoton at 
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inactive tartaric acid, is fbrmed token bibrom-sucdnic add is 
treated with silver oxide and water. 

Racemic acid differs from tartaric acid in many ways. It 
crystallizes differently, and contains water of crystallization. 
It is less soluble than tartaric acid. It produces precipitatee 
in solutioDS of lime salts, while tartaric acid does not. Bacemic 
acid ia optiaally inactive, while tartaric acid is dextro-rotatory. 
On the other hand, racemic and tartaric acids conduct them- 
selves towards most reagents exactly alike. 

Thus far the relations between racemic and tartaric acids 
appear very much like those which are observed between active 
and inactive lactic acids and between active and inactive malic 
acids. But there remains to be described an extremely inter- 
esting experiment, which throws new light upon the relations 
between tartaric and racemic acids. 

When a solution of ammonium-sodium racemate, 

(NH,)Na.C,HA- 
is allowed to evaporate spontaneously, beautiful large crystals 
are deposited. On examining these carefully, they are found 
to be of two kinds. On the crystals of one kind certain hemi- 
hedral faces are developed, while on the crystals of the other 
kind the complementary hcmihedral faces arc developed ; bo 
that if a crystal of one kind is placed in front of a mirror, 
its reflection will represent the arrangement of the hemihedral 
faces met with on a crystal of the other kind. The ci-ystals 
may be separated into right-handed, or those which have the 
right-handed hemihedral faces, and left-handed, or those which 
have the left-handed hemihedral faces. 

On separating the acid from the right-handed crystals it is 
found to be ordinary dextro-rotatory tartaric add; while the 
acid from the left-handed crystals is an isomeric substance 
called l(^vo -rotatory tartaric acid. When these two varieties 
of tartaric acid are brought together in solution, they unite, the 
action being attended by an elevation of temperature, and the 
resuU is racemic add. 
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We see thus that the inactive racemic acid consists of two 
optically active bodies in combination, one of which, ordinary 
tartaric acid, is dextro-rotatory, and the other Isevo-rotatory. 

Inactive malic acid has been split np into two active vari- 
eties, one of which is dextro-rotatory and the other Isevo- 
rotatory. And it is not improbable that inactdre lactic acid 
may be split np in a simUar way. 

Inactive tartarlo aoid is very similar to racemic acid. It 
is formed t^^etfaer with racemic acid by treating dibrom-enc- 
cinic aoid with silver oxide and water. Nothing is known 
regarding the relation of this substance to the other tartaric 
acids. 

Htdeost-acids, C„H,n_iO,. 

These are mono-hydroxy-tribaaic acids. Citric acid is the 
only one known. 

Citric aoid, 0AO, + H,O[=O,H,(OH) J CO,H. —Citric 
V ( C03^ 

acid, like malic and tartaric acids, is very widely distributed in 
nature in many varieties of frujt, especially tu lemons, in which 
it occurs in the free condition. It is found in currants, whortle- 
berries, raspberries, gooseberries, etc-, etc. 

It IS prepared from lemon juice. This is allowed to ferment 
and is then treated with lime. The lime salt is thus obtained 
in the form of a precipitate, is collected, and decomposed with 
sulphuric acid. 100 parts of lemons yield 5J- parts of tie acid. 

Citric acid crystallizes in rhombic prisms which are very easily 
soluble in water. The crystallized acid melts at 100°, the 
anhydrous at 153° to 154°. Heated to 175° it loses water and 
yields aconitic acid (which see): — 

rCOifl rCO,H 
CsH,(OH) i COjH = C,hJ COjH + H^. 
— g 

I. 
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KoTE FOB Studkut. — Compare with formation of acrylic ttom 
hydracryllc acid; and of maleic and fumaric acids from malic acid, 

Aconitic acid takes up hydrc^en, and is transformed into tri- 
carballylic acid (which see). Thus a clear connection between 
tricarballylic acid and citric acid is traced, the latter appearing 
as bydroxy-lricarballylic acid. Citric acid, however, has not 
been made artificially. 

When subjected to dry distillation, citrie acid loses botb water 
and carbon dioxide, and yields dtracontc add, C,H, < ' , 
(which see) ; if heated with water or dilute sulphuric acid to 
160° it yields itaconic acid, C^, < ^^'g, (which see) . 

(yi,(OH) ] CO^ = C^. ^"'" + HjO + C^. 
(co^ ^ ^^'^ 



NOTB FOB Stdsknt. — What relation, as far as composition is 
concerned, do these two acids of the formula C>H(| ' bear to 
fumaric and maleic acids? By distillation of what acid are the two 
latter formed? 

Citrates. A few of the salts of citric acid are mentioned : — 

Mmo^taasium cUrate, KHj.C^HA + 2H»0; 

IH-potaaaium citrate, KjH.CsHjO, ; 

Tri^potassium citrate, Kg.C«UiO) + HgO. All these potas- 
sium salts are easily soluble in water. They are made by 
mixing citric acid and potassium carbonate in the right pro- 
portions. 

Caidum citrate, Cas(CBHsOr)j + 4 Hp. This salt is formed 
by mixing a citrate of an alkali with calcium chloride. It is 
more easily soluble in cold than in hot wat«r; hence boiling 
causes a precipitate in dilute solutions. 

Magnesium citrate, Mg3(C8H50,)j+ 14HjO. This may be 
made by dissolving magnesia in citric acid. It is need in 
medicine. 
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HtDKOXT- ACIDS, CnHjn-jO,. 

There are two acidB to be considered under this head. They 
are iaomeric, and botii are tetrOfhydroxy-dibasic, 

Sacohario acid, C^H„0»(= 0«H,(OH).<°2j^).— Saccharic 
acid is formed bj the oxidation of cane sugar, glucoae, or sugar 
of milk with nitric acid. 

To prepare it, it is best to treat ordinary sugar with dilute 
nitric acid. Oxalic acid is formed at the aame time. 

It is an amorphous mass, which becomes solid only with 
difiSculty. When treated with hydriodlc acid it !a converted 
into adipic acid, a member of the oxalic acid series (see table, 
page 142) ; -— 

C CO^ + S HT = n.TT. <f '^*^«^ -I 

fiacohuic meld. Adlplc aotd. 

Note for Studbht. — What relatione exist between hexane, moo- 
nlte, adlplc acid, and aaccbaric acid? 

Mucio acid, C.H,„O8(-0.H.(OH),<^^\ — Mocio acid 
is formed by oxidizing sugar of milk, the gums, or dulcite, with 
nitric acid. 

It is best prepared by boiling sugar of milk with ordinary 
nitric add. Oxalic and tartaric acids are formed at the same 

It is a crystalline powder which is very difficultly soluble in 
cold water. Hydriodic acid oonverts it into adipic add (see 
above, under Saccharic Acid). 



C34(0H),<^ 
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OABBOHYDEATBS. 

Akono the mixed compounds, or compoimda which belong at 
the same time to more than one of the fuadameutal classes of 
carboD compounds, are the important bodies called carbohy- 
drates. This oame was originally given to ttiem because the 
hydrc^en and oxygen which enter into their composition are 
always present in the proportion to form water, as shown in the 
formulas for dextrose, CaHuOa, starch, CaHujOt, etc. All the 
comjxxiiids belonging to the class of carbohydrates are more or 
less intimately related to the hex -acid alcohols, as mannite and 
dulcite, CbH((OH)b. According to their composition, they fall 
naturally into three groups. These are : — 

1. T?ie glucose group of the formula CgHuO,. 

The principal members of this group are dextrose or grape 
sugar, levulose or fruit sugar, and gal actos e. 

2. The cane sugar group of the formula CuHjjOu- 

The principal members are cane sugar, "sugar of mtQc, and 
maltose. 

3. The cdhdose group of the formula (CjHidOt)^ 

The prindpal members are cellulose, starch, gum, and dextrin. 

The GmcosE Group, CgHuOg. 
Dextrose, crluoose, grape sugar, C|H„0,. — Dextrose 
occurs very widely distributed iu the vegetable kingdom, par- 
ticularly in sweet fruits, in which it is found tc^ether with an 
equivalent quantity of levulose. It is found in honey together 
with cane sugar and some levulose. It occurs, further, in the 
blood, in the liver, and iu the urine ; and, iu the disease called 
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Diabetes meUilus the quantity coDtaiDed in the orine is lugel.v 
increased, reaching as much as 8 to 10 per cent. 

Dextrose is Jormed f i'OD0|8CTeral of the carbohydrates of the 
formulas CuI^Oi, and C^L^j, by boiling with dilute mineral 
acids, or by the action of ferments. The formation from cane 
sugar takes place according to this equation, equivalent quanti- 
ties of dextrose and levulose being formed : — 

C^Hi^u + H,0 = C,Hu^, + CsHuO«. 

Cue •Dgu. Deitnxe. LetDlose. 

Starc h, c ellulos e, and d extr in yield dextrose according to this 
equation : — 

Finally, dextrose occurs in nature, in combination with a 
number of carbon compounds, in the so-called gl ucosidea . These 
break up easily when treated with dilute mineral acids or fer- 
ments, and yield dextrose as one of the pi^oducts (see Glucos- 
ides). Examples of the glucosides ai-e amygdalin, eescnlin, 
quercitrin, etc. 

Dextrose is prepared on the laj^e scale from com starch in 
the United States, and from potato starch in Germany. The 
trai^formation is usually effected by boiling with dilute sul- 
phuric acid, though oxalic acid is used to some extent, and phos- 
phoric acid has also been used. The excess of acid is removed 
by treating the solutions with chalb, and filtering. The filtered 
solutions are evaporated down either to a syrupy consistency, 
and sent into the market under the names "glucose," "mixing 
syrup," etc., or to dryness, the solid product being known in com- 
merce as "grape sugar." By evaporating the solutions down 
to such a concentration that they contain from 12 to 15 per 
cent of dextrose, crystals are formed which closely resemble 
those of cane sugar. They consist of anhydrous grape sugar. 
Their formation is facilitated by adding a little of the crystal- 
lized substance to tbe concentrated solutions. 

If in the treatment of starch with sulphuric acid the trans- 
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formation is not complete, and this is usually tbe case, the 
product ia a mixture of dextrose, maltose, and dextrin. The 
longer the action continues, tiie larger the percentage of 
dextrose. 

Dextrose crystallizes from concentrated solutions, usually in 
crystalline masses consisting of minute six-sided plates. The 
mass, as seen in commercial " granulated grape sugar," looks 
very much like granulated sugar. It crystallizes from alcohol 
in mono-clinic crystals. It is sweet, but not as sweet as cane 
sugar. According fo the latest estimations, the sweetness of 
dextrose is to that of cane sugar as 3 to 5. Its solutiona turn 
the plane of polarizoHon to the rigfU. 

Dextrose is eaaily oxidized, reducing the stdts of sliver and 
copper. When treated with nascent hydrogen, it yields, among 
other products, mannite and hexyl alcohol. Under the influence, 
of yeast it ferments, yielding mainly alcohol and carbon dioxide. 
Putrid cheese transforms it first into lactic acid and then into 
butyric acid by the so-called lactic acid fermentation. 

Dextrose forma compounds with metals and salts. Among 
the better known compounds of this kind are those mentioned 
below : — 

Sodium, dextrose .... CJHuOa . Na ; 

Sodium, chloride dextrose . 2C(Hipg.NaCl + HjO; 

also, C^HuOj.NaCI -f- ^ HjO, and C«H^0b.2 NaCl. These 
compounds, with sodium chloride, crystallize well, and can be 
easily obtained in pure condition. 

Cupric oxide deidrose . . CaHuOg.DCuO. 

By treatment with acetic anhydride, dextrose yields a product 
containing five acetyl groups, pent-acetyl-dextrose, 

CbH^CHsOA- 

Note vob Student. — What doea the formation of this compound 
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It ia often importaDt to know the quantity of dextrose con- 
tained in a given liquid ; as, for example, in the nririe in a case 
of suspected diabetes. For the purpose of making the estima- 
tion, advantage is taken of the action of dextrose towards an 
Alkaline solution of copper sulphate. The solution commonly 
used is that known as FeMin^s soliUion. It is prepared by 
dissolving 34.64* crystallized pure copper sulpiiate in water, 
adding a solution of SOC potassium sodium taitrate, and 600* 
to 700* caustic soda of the specific gravity 1.12, and diluting 
so that the whole makes one litre. 

Experiment 38. Make half the qnantlt; of Fcbling's solution 
above mentioned, and put In a bottle with a glass stopper. In a test- 
tube bolt about 10™ of this solution, and then add a Tew drops of a 
dilute solution of glucose. Continue to boll, and add a little more of 
the glucose solution ; and so on, until, on removing the tube from the 
lamp, a darb-red uniform-looking precipitate settles, leaving the liquid 
above it perfectly clear and colorless. This precipitate Is cuprous 
oxide. By taking proper precautions, the exact amount of dextrose 
present In a solution may be estimated In this way. 

Regarding the relation between mannite and dextrose we have 
not much positive knowledge. The fact that dextrose so readily 
reduces metallic salts, and is converted into mannite by reduc- 
tion, has led to the belief that it ia an aldehyde of mannite, as 
CHjOH 
I 
represented by the formula (CHOH),, the correspoDding alcohol 

CH,OH coH 
or mannite being (CHOH)^, While dextrose is converted into 

CH,OH 
mannite by reduction, mannite is not converted into dextrose 
by oxidation. Both substances are converted into saccharic 
acid by oxidizing agents, the relations between the three sub- 
stances being shown by the formulas 
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CHjOH CH^H (X^ 

I I I 

(CHOH). (CHOH), (CHOH).. 
1 I I 

CH,OH COH CO,H 

UiiUtitls. DeitroH. Bara^tau-lc uld. 

LieTulose (finiit sugar), CgHuOe. — Aa baa been stated, 
levulose occurs together with dextrose, and in equivalent quanti- 
ties, in fruits ; and is formed by the action of dilute mineral 
acids, or ferments on cane sugar, this last breaking up accord- 
ing to the equation, — 

CuHjjOu + Hp = C^uOb + CJI^,. 

Cane HugBT^ DeitroH. LflTnloH. 

As cane sugar is found in unripe fruits, it is probable that 
the change represented by the above equation takes place in the 
process of ripening. 

Levulose does not solidify, bnt forms a thick syrup. It ia 
about as sweet as cane sogar. It turr^s the plane of polarization 
to the left. 



It acta towards Fehling's solution the same aa dextrose. By 
nascent hydrogen it is reduced to mannite ; and by oxidizing 
agenta it is converted into saccharic acid. 

The same arguments which lead to the belief, that dextrose 
bears to mannite the relation of an aldehyde to an alcohol, 
lead alsft to the conclusion that levulose bears the same 
relation to mannite. At present we do not know what is 
the cause of the isomeriBm of dextrose and levulose. Though 
the same hypothesis that was explained in connection with 
the two lactic acids may be applied also in this case, as 
the formula representing dextrose and levnloee as aldehydes 
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of manuite show that each contaios an asyminetrical carboD, 
thus: — 

COH 

HO-C-H 

CH.OH 

(CHOH)i, 

CHjOH 

Galaotoee, CnHijOa. — This aubetance is formed together 
with dextrose when either engar of miUc or gum arabic is boiled 
with dilate sulphuric acid. 

It crystallizes in large rhombic prisms, which melt at 130° ; 
is easily soluble iu hot water, bat much less so in cold water ; 
less sweet than cane sugar ; turns the plane of polarization to 
tlie left; conducts itself in some reapeets like dextrose. It 
reduces Fehling's solution ; gives mucic acid with nitric acid, 
and dulcite with sodium amalgam. It does not ferment with 
yeast. 

The Cakk'BDOAB Geoop, CuHt^u. 

Osne Bugar, OuHnOn. — This well-known variety of sugar 
occurs very widely distributed in nature, in sugar cane, soi^bum, 
the Java palm, the sugar maple, beets, madder root, coffee, 
walnuts, hazel nuts, sweet and bitter almonds ; in the blossoms 
of many plants ; in honey, etc., etc. 

It is obtained mainly from the sugar cane and from beets. 
In either case the processes of extraction and refining are lai^Iy 
mechanical. When sugar cane is used, this ia macersHed with 
wat«r to dissolve the sugar. Thus a dark-colored solution is 
obtained. This is evaporated, and then passed through filters 
of bone-black which remove the coloring matter. The clear 
solution is then evaporated to some extent; and, finally, in 
large vessels called "vacuum pans," from which the ^ is 
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partly exhausted, so ttiat tbe boiling takes place at a lower 
temperature thaa would be required under the ordinary pres- 
sure of the atmosphere. The mixture of crystals and mother 
liquors obtained from the "vacuum pans" is freed from the 
liquid bj- being brought into the " centrifugals." These are 
funnel-shaped sieves which are revolved very rapidly, the liquid 
being thus thrown by centrifugal force through the openings 
of the sieve, while the crystals remain behind and are thus 
nearly dried. The final drying is effected by placiug the crys- 
tals in a warm room. 

When beets are used the process is essentially the same, 
though there are some difFerences in the details. 

The mother liquors which are obtained from the "centrif- 
ugals " are further evaporated, and yield lower grades of sugar ; 
and, finally, a syrup is obtained which does not crystallize. 
This is -molasses. Molasses is sometimes brought into the 
market as such ; sometimes, particularly when obtained from 
beet sugar, it is allowed to ferment for the purpose of making 
alcohol. The spent wash, or waste liquor, " viuasse," is now 
evaporated to dryness and calcined for the pui-pose of getting 
the alkaline salts contained in the residues. * The products of 
distillation are collected, and from them are separated methyl 
alcohol and tri -methyl -amine (see p. 96). 

Sugar crystallizes from water in well-formed, large mono- 
clinic prisms. It is dextro-rotatory. When heated to 210° to 
220°, cane sugar loses water, and is converted into the substance 
called caramel, which is more or less brown in color, according 
to the duration of the heating and the temperature reached. 
Boiled with dilute acids, cane sugar b split into equal parts 
of dextrose and levulose, as has been stated. The mixture of 
the two is called invert-sugar. The process is called inversion. 
It takes place, to some extent, when impure sugar is allowed 
to stand. Hence invert-sugar is contained in the brown sugars 
found in the market. Yeast gradually transforms cane sugar 
into dextrose and lemlose, and these then undergo fermenta- 
tion. Cane sugar itself does not ferment. 

IhyGOOglC 
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EzperiiueDt 39. Arrange two pieces of app&rotD* as In Exp. I- 
la one pat 40s to 60e grape sugar and a certt^n quantity of yeast, bp 
Id Exp. T; tn the other put the some amount of cane sugar and of 

yeast. Notice the difference. 

Cane sugar does not redace an alkaline solution of copper 
sulphate. 

Experiment 40. Prepare a dilute solution of cane sugar by dis- 
solving ]K to 2B in ZOO" water. Test this with Fchllng's solution, 
as ill Exp, 3S. Now add to the sugar solution 10 drops coucentrated 
hydrochloric add, and lieat for half an hour on the water-bath at 
100"; exactly neutralize the acid with a dilute solution of sodium 
carbonate, and test with Fehllng's solution. 

Oxidizing agents readily convert cane sugar into oxalic acid 
(see Exp. 34) and saccharic acid. 

Like dextrose, cane sugar forms compounds with metals, 
metallic oxides, and salts. Among these the following ma; 
be mentioned : — 

Sodium Bucrate .... CuHjiOu . Na, 
Sodium-chloride aucrale , . CuHaOu . NaCl, 
Calcium aucrate .... CuHjoOu ■ Ca, 
and lAme aucrate CuHaO,,. 2 CaO. 

These derivatives are not sweet. 

An od-acetate of the formula C|jH„(C3HgO)80|| has been 
made by treating sugar with sodium acetate and acetic anhy- 

Though cane sugar readily breaks up into dextrose and levu- 
lose, no one has succeeded as yet in effecting the union of these 
two substances to form cane sugar. The character of the 
relation between it and the two glucoses is not understood. 

Sugar of milk, laotoae, Gi^QaOu + HiO. — This sngar 
occurs in the milk of all mammals. It is obtained in the manu- 
facture of cheese. The casdiu is separated from the milk by 
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meanB of rennet. The sugar of mUk remAinB in eolutjon, is 
separated by evaporation, and purified by recrystallizatioD. It 
crystallizes in rhombic crystals. That which comes into the 
market has been crystallized on strings or wood splinters. It 
has a eligfatly sweet taste ; is much less soluble in water than 
cane sugar, and is dextro-rotatory. It reduces Felilipg's sola- 
tion. Oxidized with nitric acid) it yields mucio and saccharic 
acids. Nascent hydrc^en converts sugar of milk into mannrte, 
dulcite, and other substances. Like dextrose and cane sugar, 
it forms compounds with bases, dissolving lime, baryta, lead 
oxide, etc. 

Sugar of milk ferments under certain circumstances, and 
breaks up into alcohol and lactic acid. The souring of milk 
is a result of this fermentation. The lactic acid formed GOs^> 
lates the casein ; hence the tbickening. 

Maltose, OuHmOu — This carbohydrate is formed by the 
action of malt on starch. Malt, which is made by steepii^ 
iMirley in water until it germinates, and then drying it, contains 
a substance called diastase, which has the power of effecting 
changes similar to some of those effected by the ferments. 
Thus, it acts upon starch, and converts it into dextrin and 



3 C»HwO, + H/) = 

Maltose is also formed by the action of dilute sulphuric acid 
upon starch, and is hence contained in commerciat glucoses. 
By further treatment with sulphuric acid it is converted into 
dextrose. Maltose crystallizes in fine needles ; is dextro-rota- 
tory ; reduces Feliling's solution, and ferments with yeast. 

The Celujlose Grotjp, CgHuOj. 

OelluloBe, CoHioOi. — Cellulose forms, as it were.tlie ground 

work of all vegetable tissues. It presents different appearances 

and different properties, according to the source from which it ' 
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is obtained ; but tfa«Be difTerences are due to substances with 
nhich the cellulose is mixed ; and when they are removed, the 
cellulose left behind is the same thing, no matter what its source 
may have been. The coarse wood of trees, ns well iks the ten- 
der shoots of the most delicate plants, all contain cellulose as 
an essential constituent. It forms the membrane of the cells. 
Cotton-wool, hemp, and flax consist almost wholly of cellulose. 
For the preparation of cellulose, either Swedish filter-paper 
or cotton-wool may be taken. 

ExperlmeDt 41. Treat some cottoo-wool succeBsivel; with etber, 
alcohol, water, a caustic alkali, and, fically, a dilute acid. Then wash 
with water. 

Cellulose is amorphons ; insoluble in all ordinary solvents ; 
soluble in an ammoniacal solution of cupric oxide. 

Experiment 42. Add HOme ammoalnm chloride to a solution of 
copper sulphate; precipitate with caustic aoda; Alter, and carefnllj 
wash. Dissolve the cnprlc hydroxide thus obcaiaed in ammonia. The 
solution is known as Sahvieizei's reagent. It will dissolve cellulose. 
Try it wUh some of the cellnlose obtained in Eip. 11. 

Cellulose dissolves in concentrated aulphnric acid. If the 
solution be diluted and boUed, the cellulose is converted into 
dextrin and dextrose. It will thus be seen that rags, which 
consist largely of cellulose, paper, and wood, might be used 
for the preparation of dextrose or glucose, and consequently 
of alcohol. 

Qun cotton, pyroxylin, nitro-oellnloBe. — Cellulose has 
some of the properties of alcohols ; among them the power to 
form ethereal salts with acids. Thus, when treated with nitric 
acid, it forms several nitrates, just as glycerin forms the nitrates 
known as nitro-glycerin (which see). 

Treated for a short time with sulphuric and nitric acids, 
cellulose is oonverted into the lower nitrates, particularly the 
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tetra- and penta-nitratea. A solntion of these in a mixture of 
ether and alcohol is known as collodion solution, which is much 
need in phot<^aphy. When poured upon any surface, such as 
glass, the ether and alcohol rapidly evaporate, leaving a thin 
coating of the nitrates which were in solution. 

When treated for twenty-fonr hours at 10° with a mixture 
of nitric and sulphuric acids, cellulose yields the kexa-nitrate 
Ci|HmO,(0. KO^),, which is nsed as an explosive nnder the 
name of gun cotton. It is used chiefly for blasting. 

An intimate mixture of gun cotton and camphor has come 
into extensive nse under the name of celluloid. As it is plastic 
at a slightly elevated temperature, it can easily be moulded into 
any desired shape. When it cools it hardens. 

Paper. — Paper in its many forms consiets mainly of celhi- 
loee. The essential features in the manufacture of paper are, 
first, the disintegration of the substances used. This is effected 
partly mechanically, and partly by boiling with caustic soda. 
Then it is converted into pulp by means of knives placed on 
rollers. The pulp, with the necessary quantity of water, is 
then passed between rollers. Chiefly ri^s of cotton or linen 
are used in the manufacture of paper; wood and straw are 
also used. 

Staroh, C(HmOs. ^- Starch is found everywhere in the v^^- 
table kingdom in lai^e quantity, particularly in ail kinds of 
grain, as maize, wheat, etc. ; in tubers, as the potato, arrow- 
root, etc. ; in fruits, as chestnuts, acorns, etc. 

In the United States starch is manufactured mainly from 
maize; in Europe, from potatoes. 

The processes involved in the manufacture of starch are 
mostly mechanical. The maize is first treated with warm 
water ; the softened grain is then ground between stones, a 
stream of water running continnously into the miU. The thin 
paste which is carried away is brought upon sieves of silk bolt- 
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ing'Clotfa, which are kept in constant motion. The starch passes 
through with the water as a milky fluid. This is allowed to 
settle when the water is drawn off. The starch is next treated 
with water containing a little s\k«li (caustic soda, or sodinm 
carbonate), the object of which is to dissolve gluten, oU, etc. 
The mixture is now brought into shallow, long wooden mne, 
where the starch is deposited, the alkaline water running o9. 
Finally, the starch is washed with water, and dried at a low 
temperature. 

Starch has a granular structure, the gr^ns aa seen nnder the 
microscope having a series of concentric markings, of which the 
nucleus appears to be at one side. 

Starch in its usual condition is insoluble in waterl If ground 
with cold water, it ia partly dissolved. • If heated with water, 
the membranes of the starch-cells are broken, and the contents 
form a partial solution. On cooling, it forms a transparent 
jelly called atarck paste. 

With iodine, starch paste gives a deep blue color ; with bro- 
mine, a yellow color. 

Experiment 43. Make some starch paste tbns : Put a few grains 
of starch' lu an evaporatiug dish ; pour enoush cold water apon it to 
cover it ; grind It under the water with a pestle, and then pour 300°° to 
SOCr^ hot water upon it. When this Is cool, add a few drops to a litre 
of water, and then add a few drops of potaBSium Iodide. As long as 
the iodine Is In combination with the potasslntn no change of color 
takes place; bat if the iodine be set t^e by the addition of a drop or 
two of cUorine water, or of strong nitric acid, the entire liquid tarns 
a beautiftil dark blue. The cause of this color Is the formation of a 
very unstable compound of starch and Iodine. The color Is easily 
destroyed by a slight excess of chlorine water (try It In a test-tube) ; 
by alkalies (try it) ; by sulphurous acid (tr? It) ; by hydrogen sulphide 
(try tt) ; ete. It is also destroyed by heating. (Heat some of the 
solution In a testtube, and let it stand.) The color reappears on 
cooling. 
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Experiment 44. Use some of the starch paste In atudjlog the 

effect of bromine upon it. Use dilute BolutloDS. The bromine mnst 
be in the free condition. 

It has been stated that starch is converted into dextrin, mal- 
tose, and dextrose by dilate acids and ferments ; and that 
diastase converts it into maltose and dextrin. 

Experiment 45. Add 20™ concentrated hydrochloric acid to 200" 
of the starch paste alread; made, and heat for two honra on the water- 
bath, connecting the flask with an inverted condenser (see Fig- 6). 
Then examine with Fehling's solution. Test, also, some of the original 
starch paate with Fehllng'a solnUon. 

Dextrin, CcH,oO, — Dextrin, as has been stated, is formed 
bj treating starch with dilate acids or diastase. It is converted 
by further treatment with acids into dextrose. The substance 
ordinarily called dextrin has been shown to be a mixture of 
several isomeric substances which resemble each other very 
closely. The mixture is an uncrystallizable solid. It is 
strongly dextro-rotatory ; gives a red color with iodine, and 
does not reduce Fehling's solution. It is used extensively aa 
a substitute for gum. 

Oiime. — Under tMs head are iucluded a number of sub- 
stances which occur in nature. One of the best known is gum 
arable, which is obtained in Senegambia from the bark of trees 
belonging to the Acacia variety. Its formula, lilie that of cane 
sugar, is CijHjsO,i. Other gums are wood gum, obtEuned from 
the birch, ash, beech, etc. ; baesorin, the chief constituent of 
gum tragacanth, ete. 

Our knowledge of the chemistry of these gums is very hmited. 
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CHAPTER XII. 

MIXED COMPOUNDS CONTAINING NITEOGBN. 

In gpeakii^ of the preparation of bibasic acids from mono- 
basic acids, reference was made to cyan-acetic and the two 
cyan-propioDic acids. These are nothing but simple cyanogen 
substitution- prodDcts analt^one to chlor-acetic and the two 
chlor-propionic acids. They are made by treating the chlorine 
products with potassium cyanide. They have been usefnl 
chiefly in the preparation of bibasic acids, as described in con- 
nection with malonic and the two succinic acids. It will there- 
fore not be necessary to consider them individually here. 

Note roa Student. — How may maloulc be made from acetic add; 
and the two succinic acids from propionic acid ? Give Uie eqoatlons. 

The chief substances to be considered under the head of 
mixed compounds containing nitrogen are the amido-acida and 
the acid amides. As will be seen, Iwth tiese classes of sub- 
stances are of special interest, as they represent forms of com- 
binatioD which are favorite ones in nature, especially in the 
animal kingdom, some of the most important substances found 
in the animal body, such as nrea, uric acid, glycocoll, etc., 
belonging to one or both the classes. 

AuIDO-AGIDS. 

The relation of an amido-acid to the simple acid is, as the 
name implies, the same as that of an amido derivative of a 
hydrocarbon to the hydrocarbon. That is to say, it may be 
regarded as the acid in which a hydrogen is i-eplaced by the 
amido group, NHj. Thus, amido-acetie acid is represented 
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r methjl- 

amine is represented thus, CHa . NHj. The reasoDB for regard- 
ing methyl-amine as a substituted ammouia, aa represented, 
have been stated. The formula ts based upon the reactions 
of the substance ; that is, upH>ii its chemical conduct and the 
methods used in its preparation. The same ai^uments might 
be advanced in favor of the view that the amido-acids are 
sabalJtute<l ammonias, and, at the same time, acids. The 
simplest method for their preparation consists in treating 
hal<^en derivatives of the acids with ammonia; thus amido- 
acetic acid may be made by treating brom-acetic acid wit^ 
ammonia : — 

Note for Stupbnt. — Compare this reaction with that made use 
of for making methyl-ami ne, 

NH, 

-This acid 

is not known in the free condition. Its ammonium salt, 

NH, 

I , is formed when carbon dioxide and ammonia are 

CO^H, 

brought together : — 

NH, 
I 
CO, + 2 NHj = (X)jNH^. 

The other carbamates may be prepared from the ammonium 

salt. They are decomposed, yielding carbonates and ammonia. 
Thus, when potassium carbamate is warmed in water solution, 
decomposition takes place, as represented in the equatjon, — 

NH,.COjK + H,0 = NH, + HKCO,. 

The ethereai salts of carbamic acid are readily made by 
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trentiDg the ethereal salts of chlor-formic acid (see p. 157) 
with ammonia : — 

CI NH, 

1 I 

COiOfl:, + 2 HH, = CO,CtHs + 2 NH.Cl. 

Amido-formic acid canoot be taken aa a fair representative 
of the amido-acide, any more than carbonic acid can be taken 
as a fair representative of the hydroxy-acids. 

bile are contained two complicated acids, which are known as 
glycocholic and taurocliolic acids. When glycocholic acid is 
boiled witii hydrochloric acid, it breaks up, yielding cholic acid 
and glycocoll. In liie urine of horses is found an acid known 
as hippuric acid. When this is boiled with hydrochloric acid, 
it breaks up into benzoic acid and glycocoU. 

When uric acid is treated with hydriodic acid, glycocoll is 
one of the products. Fui-ther, ghcocoU is formed when glae 
is boiled with baryta water or dilute sulphuric acid. Its forma- 
tion from brom-acetic acid and ammonia, mentioned above, gives 
the clearest indication in regard to its relation to acetic acid. 

Amido-acetic acid has both acid and basic properties. It 
nnites with acids, foiming weak salts ; and it acts upon bases, 
giving salts with metals, — the amido-acetates. It also unites 
with salts, formmg double compounds. 

Examples of the compounds with acids are the 

p„ ^NH,.HCl 



ffydrocMoride . 



NH,.HNO,. 



and the Nitrate CH, < p^^ „ . 

of the salts with metals, 

Zinn amido-acetate . . Zn(CiH,NOi)j+ HjO, 

and Copper amido-acetate . Cu(C2H,N0j)i+ HjO; 
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of the componnds with salts, the double salt of 



Treated with nitrous acid, glycocoU is convertetl into liydi-oxy- 
acetic acid. 

NoTB FOR Student. — Write the equation representing the reaction 
which takes place when gljcocoll Is treated with nitrous acid. 

Sarcosine, methyl-fflyooooU, CMtNoJ=CH,<^'^^\ 
If brom-acetJc acid be treated with metbyl-amine instead of 
with ammonia, a reaction takes place similar to ttiat which takes 
{>lace with ammonia, the product being methyl glycocoU or 8arco- 



COjH ' 



2 NH, = CH, < ^"' + NHJJr ; and 



CH, < ^J^ ^ + 2 CH,.NH, = CH,< ^^^^"> + MH3(CH,)Br. 

Sircoclne. 

Sarcosine is a product of tUe decomposition of creatine, which 
is fonnd in meat, and of cafieine, which is a constituent of coffee 
and tea. It is obtained from creatine and caffeine by boiling 
Uiem with baryta water. 

Its properties are much like those of glycocoll. 

Amido-propionic a^ida, C9H1NO,. — These acids bear to 
propionic acid relations similar to that which amido-acetic acid 
bears to acetic acid. There are two, corresponding to a- and 
j3-chlor-propionic acids, fVom which they are made. They arc 
not found in nature. Their properties are much like those of 
glycocoll. J, 

Note for Studgnt. — What snbatancea woald be f onned by treat- 
ing the two amido-proplonlc acids with nitrons acids? 

Amoi^ the amido derivatiTes of the higher members of the 
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fatty acid series, that of caproic acid ehonld be specially men- 
tioned. 

Leuoine, o-amido-oapTOio add, 

C^ijNO, r=CH, . CH, . CH, . CH, . OHCNH,) . 00,H ] . 
Leucine is found very widely- distribnted in the animal kingdom, 
aa in the spleen, pancreas, and brain. Ithaa been found also 
in the vegetable kingdom in a few plants. It is produced b; 
the decomposition of substances containing albumin or gelatin. 
It has been made by treating a-brom-caproic acid with ammonia. 

Ameoo-sulfhomio Acids. 
Just as there are amido derivatives of the carbonic acids, 
BO, too, there may be amido derivatives of the eulphonic acids. 
Only one of tiiese need be considered. 

Amido-isethionio acid, f C^,NSO,(= 0,H. < j^^ J. 
Taurine is found in combination with cbolic acid in taurocholic 
acid, in ox bile and the bile of mafly animals, as well as in 
other animal liquids. It has been made synthetically from 
isethionic acid, C,H, < , by treating the acid successively 
with pfaosphoms pentachloride and ammonia : — 

IsclMonie udd. CIilDr«thrl-tutpbo.cb]Di1da. 

'^'<S0^1 ^"^ ■=''*<SO,OH + ™' 

Cblor-etb^L-BolpbonJc uld. 

Taurine crystSUizes in laige tetragonal prisms. It is a very 
stable substance, and can be boiled with concentrated acids with- 
out decomposition. With nitrous acids it yields isethionic acid. 

It unites with bases forming salts. 
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The odI; amido-bibasic acid which need be considered ie 
amido-Buccinic acid. 



.0,H.(NH,)<> 



Amido-Bucoinio aoid, J ' ' \ '^^ ^' CO,Hy 
Aspartic acid occurs in pumpkin aceds, and is frequently 
met with as a product of boiling Tarioue natural compounds 
with dilute acids. Thus, for example, it is formed when casein 
and albumin are treated in this way. It is formed also when 
aspar^ne (which see) is boiled wit^ acids or alkalies. 

Aspartic acid crjstallizes. It turns the plane of polarization, 
tinder some circumstances to the right, under others to ±e left. 

Treated with nitrous acids it yields malic acid. 

Acid Ahtdes. 

When the ammonium salt of acetic acid is heated, it gives off 

water, and a body distils over which is known as acetavude. 

The reaction which takes place is represented by the following 

equation : — " 

CHs.COONH, = CHj.CONHj + H^. 

The substance obtained has neither acid nor basic properties. 
An examination of the ammonium salts of other acids shows 
that the reaction ia a general one, and we thus maj get a class 
of neutral bodies, known as the acid amides. 

As no one of the acid amides of the fatty acid series is of 
special importance, a few words of a general character in regard 
to tlie class will suffice. 

Besides the reaction above referred to for making the acid 
amides, there are two others of general application. One con- 
sists in treating an ethereal salt of an acid with ammonia ; 
thus, when ethyl acetate is treated with ammonia, this reaction 
takes place : — 

CHj.COAH. + NHa = CH,.CONH, + C,H^. 
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The other reaction consists in treating the acid chlorides with 
aoimonta. Thus, to get acetamide, we may treat acetjl chloride 
(see p. 61) with ammonia: — 

CHj.COCl + 2 NH. = CH,.CONH, + NH4C1. 
This last reacUon is perhaps used most frequently. It shows 
the relation which exists between acetic acid and acetamide. 
For acetyl chloride is made from acetic acid by treatment with 
phosphorus trichloride, and is, therefore, as has been pointed 
ont, to be regarded as acetic acid in which the faydroxyl is 
replaced by chlorine. Now, by treatment with ammonia the 
same reaction takes place as that which we have had to deal 
with in the preparation of amido-acids, the chlorine is replaced 
by the amido group. Therefore, acetamide is acetic acid in 
which the hydroxyl is replaced by the amido group, as shown 
in the formnlas ; — 

O O 

I t 

CH,.C-OH CH,-C-NH,. 

AoatlBBcld. Aceltuuld^. 

As the acid hydn^en of the acid is replaced, the amide is not 
an acid. On the other hand, the basic properties of the am- 
monia are destroyed by the presence of the acid residue as a 
part of its composition. This latter fact may be stated in 
another way ; viz., when an ammonia residue is in combination 
with carbon, which in turn is in combination with oxygen, its 
basic properties are destroyed. 

The amides are converteil into ammonia and a salt when 
boiled with strong bases : — 

CHj.CONH, + KOH = CHsCO.K + NH,. 

They are converted into cyanides by treatment with phos- 
phorus pentoside PjOj : — 

CHj.CONHj = CHj.CN + H/). 
As the substance obtained in this way is identical with methyl 
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cyanide, which is formed by treating methyl -sulphuric acid with 
potassium cyaoide, the reaction fiimisltes additional evidence 
in favor of the conclusion already reached; viz., that in the 
cyanides the carlK>n and not the nitrogen of the cyanogen 
group is in combination with the hydrocarbon residue, as repre- 
sented in the formula CH3— C— N. 

As acetamide is made by treating ammonia witli the chloride 
of acetic acid, so, by treating ammonia with the chloride of any 
acid, the corresponding amide may be made. So, also, by treat- 
ing ammonia with acid chlorides, or by treating acid amides with 
strong acids, moi-e complicated compounds may be obtained. 

Of theee di-acetamide, NH-J -,'„', and Iri-acetamide, nJ C,H,0, 

may serve as examples. The relations of these substances to 
ammonia and to acetic acid are shown by the formulas, ordinary 
or mon-acetamide being NHj.CiHaO or CHa-CO.NHj. 



Fig, 12. 

Experiment 48. Arrange an apparatus a.i shown Id Fig. 12. In 
flask A put 150! oxulic acid (dehydrated at 100°) and lOOe absolute 
alcohol ; and, iu flask B. lOOa absolute alcohol. Heat the bath D to 
100°; and then beat the alcohol in flask B to boiling, and continue to 
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pasB Uie vapor from Aaei B uto h inlxtDre in flask A, meanwIiUe 

allowing the tempera h bath to rise to 126'-130°. A 

mixture of alcohol and h a a ill distil over. To some of thia 
misture lu a flask d d ra d aqueoua ammonia, and shake. 
Insolnble oxamlde is f m d d h own down ua a white powder, 
Wbot reactions hav ak p Write the equntiona. Filter off 

the oxamidc, and wash It with water. See whether it conducts Itaelf 
like an acid. Has It an acid reaction? Boil ^ith caustic potash (not 
tAO much), and notice whether ammonia ia gireu off. Why does it 
dissolve? How can the oxalic acid be extracted from the aolution? 

When tlie amide of a poly-basic acid is boiled mtii ammonia, 
and under some other circumstances, partial decomposition 
takes place, and a substance is formed which is both amide and 
acid. Thna, in the case of oxamide, the product is oxamie 

CO,H 
add, I . This acid forms well-characterized salts and 

CONH, 
other derivatives, such as are obtained from acids in general. 
There is one acid of this kind which is a well-known natural 
substance. It has already been referred to in connection with 
aspartjc acid, which is closely related to it. It is 

Asparagine, amido-succmamio acid, 

C.H^,0, + H,o(- C^CNH,) < Qo^)- ~ Asparagine is 
found in a great many plants, as in asparagus, liquorice, beets, 
peas, beans, vetches, etc. It may be made by treating mon- 
ethyl amido-succinate with ammonia. 

KoTB POR Student. — What reaction takes place? Write the equa- 

ttOQ. 

Asparagine forms large rhombic crystals, difBcultly soluble 
in cold water, more easily in hot water. When boiled with 
acids or alkalies, it is converted into aspartic acid and ammonia. 

Note for Stttobnt. — Notice that only the amido group of the 
amide is driven oot of the compound by this treatment The other_ 
amido ^oup which ia contained In the hydrocarbon portion of the 
compound is not disturbed. 

Nitrous acid converts asparagine into malic acid. 
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CyaD-amidee, CN^t. — In speaking of cyanic acid, the 
existence of two cUorides of cyan<^en was mentioned: one 
a liquid, having the formula CNCI ; the other a Bolid, of the 
formula C3N3CI3. When the former is treated with ammonia, 
it is converted into an amide, CN . NHj, which bears to cyanic 
acid, NC.OH, the relation of an amide. Like the other 
simple compounds of cyanogen, cyan-amide readily undergoes 
change. When simply kept unmolested, it is converted into 
di'Cyan-diamide, CiNjHj; while, when heated to 150°, a violent 
reaction taies place, and tri-cyan-triamide, CaNgH^, is formed. 
Whether or not the formulas given really express the ti-ue 
molecular weights of the products is not known. It can only 
be said that the changes involve no change in per centage 
composition, and therefore are cases of polymerisation. The 
formation of the compounds is particularly interesting, as illus- 
trating the tendency on the part of the simpler cyanides to 
undei^o change under very slight provocation. 

Ghianidine, CNjHj — This substance, which is closely 
related to cyan-amide, is formed by the oxidation of guanine 
(which see) , and this in tnm is obtained from guano. It may 
be made also by treating cyanogen iodide with ammonia : — 

CNI + 2NH, = CN3H5.HI, 
the product being the hydriodic-acid salt of guanidine. As 
will be seen, guamdine is cyan-amide plus ammonia ; — 
CN.NHj -t- NHj = CNjHs. 

It is a strongly alkaline base. Boiled with dilute sulphuric 
acid or baryta water, it yields urea and ammonia : — 

CNsJIj + HjO = CONsH, -i- NH,. 



Creatine, O.H^NjOi. — This substance is found in the 
muscles of all animals. It is closely related to goanidiue and 
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also to sarcoaioe (see p. 193). It has been made synthetically 
by bringing cyan-amide and sarcosioc bother. The reactioQ 
which takes place is aanl<^ouB to that made use of for the 
preparation of guanidine. The analogy is shown by the two 
equations, — 

CN.NH, + NHa = CNjH,, 



or (CNaHcNH,), 
and CN.NH, + NJCH, = ^^N^- ^ I TH m TI 

Surcoiins. 

or C\H,NsO,. 

Urea, or carbamide and derivatives. — Closely related 
to the nitrogen compounds just considered is urea, or the 
amide of carbonic acid. Its importance and certain peculiari- 
ties diEtinguish it from the other acid amides, and it is there- 
fore considered by itself. 

Urea is found in the urine and blood of all mammals, and 
particularly in the urine of carnivorous animals. Human 
urine contains from 2 to 3 per cent ; the quantity given off by 
an adult man in 24 hours being about 30*. Urea may be made 
by the following methods : — 

(1) By treating carbonyl chloride with ammonia : — 

COCIj + 2 NH, = CONjH, + 2 HCl. 
What is tbe analogous reaction for the preparation of acetamlde? 

(2) By heating ammonium carbamate ; — 

CO<^S^ = CONiH* + HA 
ONHj 

What la the analogous reaction for preparing oxaraide? 

(3) By treating ethyl carbonate with ammonia r — 

CO < ^^'^^ + 2 NHj = CONjH, + 2 CjHaO. 
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(4) By the addition of watev to cyan-amide : — 

CN . NH, + H,0 t= CONjH,. 

(5) By eraporalion of ammonium cyanate in aqueous solu- 
tion : — 

CN(ONH.) = CON^,. 

Ttiia reaction is of special interest, for the reason that it 
afforded the first example of the formation, by artificial methods 
from inoi^anic subataneea, of an oi^anie componud found in 
the animal body (see p. 1). 
Urea is most readily obtained from nrine. 

Kxperiment 47, Evaporate four or Ave litres /re«b urine to a thin, 
sjritpy consistence. After cooling add ordinary concentrated nitric 
acid, TCben crystals of urea nitrate are obtained. Filter, wasb, and 
recrystatllze ftom moderatel; concentrated nitric acid. When llic 
crystals of urea nitrate are nhlte, dissolve agnln in water, and add 
finely-powdered barium carbonate. The nitric acid forma barium 
nitrate, and the urea Is left in free condition. Evaporate to dryness, 
and from tbe residue extract the urea with strong alcohol. 

Experiment 48. Make potassium cynnate as directed In Eiperi- 
ments 24, p. 82, and 2G, p. B3. To the cold solution of the cyanate add 
a solation of ammoQlum sulphate containing as much of the salt as 
there was used of potassium ferrocyaalde la the preparatluu of the 
cyanate. Evaporate to a small volume, and allow to cooL Potassium 
sulphate wUl crystallize out. Filter this off, and evaporate to dryness. 
Extract with alcohol. The urea will crystallize from tbe alcohoUc 
solution when It is brought to tbe proper concentration. Give all the 
reactions Involved In passing from potassium ferrocyanide to nrea. 
Compare the urea made artlQcially with that made from urine. 

Urea crystallizes from alcohol in lai^e quadratio prisms, 
which melt at 132°. 

Kxperiment 48. Determine tbe melting-points of both the natural 
and aiUficiat specimens of urea. 

Urea is easily soluble in water and alcohol. Heated with water 
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in a sealed tube to 100°, it breaks up into carbon dioxide 
and ammonia : — 

CONjH, + li,0 = COj + 2 NH,. 
The same deconi|)03itioQ of the urea takes place spontaneously 
when nrine is allowed to stand. Hence tihe odor of ammonia 
is always noticed in the neighborhood of nrinals which are not 
kept thoroughly clean. 

Sodium hypochlorite or hypobromite decomposes urea into 
carbon dioxide, nitrc^en, and water : — 
CONiHi + 3 NaOCl = Na,COs + NaCl + N, + H,0 + 2 HCl. 

Bxpeiimeut ISO. To a solution of 20b sodtum hyaroxlde in 100™ 
water add abont 5™ bromine, and sliake well. Make a solution of nrea 
In water, and add to the solution of the hypobromite. An evolution 
of gas will be noticed, showing that the nrea is decomposed. 

Nitrous acid acta in the same way : — 

CON^ + 2 HNO, = CO, + N^ + 3 H,0. 

When heated, urea loses ammonia, and yields first bivr^, 
and finally eyanuHc add (see p. 84) : — 

2CO(NHj)j= CjHjNsOj + NH,; 



Urea nnites with acids, bases, and salts. The hydrogen of 
the amido groups may be replaced by acid or alcohol radicals, 
giving compounds of which acetyl urea, C0< ' ' ' , and 
ethyl urea, CO < ^S*^'^'. *"* examples. 

Am ong the compounds with acids, the following may be 
mentioned : urea hydrochloride, CHjN^O . HCl ; urea nitrate, 
CHjNjO.HNOs; and urea phosphate, CH.NsO . HsPOj. With 
metals it forms such compounds as that with mercuric oxide, 
HgO.CH^NjO; with silver, CH^NaO. Age, etc. With salts it forms 
such compounds as HgClj.CsHiN^jO, HgO.CHjNjO.HNOj, etc. 
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Sttbstitated ureas, — that ia, those derivatives of urea whicli 
contain hydrocarbon residues io place ot one or all the hydrogen 
atoms, — may be made from tiie cyauates of substituted ammo- 
nias. The fundamental reaction is the spontaneoue traneforma- 
tion of ammonium eyanate into urea : — 

CN.ONH. = CO{NH,)i,. 

In the same way, cyaoatAS of substituted ammoniaa are trane- 
formed into substituted ureas ; — 

CN .ONH, .C»H, = CO < ^**^^» ; 

CN.ONHs(CiH,), = CO < ^^*^'^'^S etc. 

The urea derivatives which contain acid radicals are made by 
treating urea with the acid chlorides : — 

CO< Sr + CtH^l = CO <^j; -^"^^ + HCl. 
^^ NHj 



There are several derivatives of urea and radicals of bibaslc 
acids, as oxalic and malonic acids, which are of special interest, 
as they are closely related to uric acid ; aud their formation from 
this acid has thrown much needed light upon the inner nature of 
the acid. 

Parabanio acid, i „„„ „{ CO.NH N . 

„ , , M-CjHiNiOJ^ I >COl.— Paiabanic 

Oxalylurea, ' \ CO.NH / 

acid is formed by boiling uric acid with strong nitric acid and 
other oxidizing ^ent«, and by treating a mixture of urea and 
oxalic acid with phosphorus trichloride : — 

CjHjO, + CO(NHj) = CsHjNA + 2 H/). 

hyGooglc 
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It acts like an acid. Its salts readily pass over into salts of 
oxaluric acid (whicli see). Treated with alkalies it breaks up 
into urea and oicalic acid. As will be seen, parabanic acid ia 

CO.NH, 
aaalc^ous to oxamide, l , the urea acting the part of .the 

two amido groups. '-^' ^^i 

/ CO. OH \ 

OxalTiric acid, 03H,N,OA= CO.HN.CO.NhJ, bears to 
parabauic acid the same relation that oxamie acid bears to 
oxamide. It occurs in the form of the ammooium salt in small 
quantity in human urine. 

Barbituric acid, malonyl urea, 

C4H.N,Oj+ 2H,of = CH, < Sq ™ > CoY — Barbituric 

acid, like parabanic acid, is a product obtained from uric acid. 
It has been made artificially by treating a mixture of malonic 
acid and urea with phosphorus oxichloride : — 



Treated with an alkali, barbituric acid breaks up into malonic 
acid and urea. 

Tbe relation of the acid to malonic acid and urea is the same 
aa that of parabanic acid to oxalic acid and nrea. 

Sulpho urea, CSCKHi)]. — This substance is formed by 
heating ammonium sulpho-cyanate, the reaction which takes 
place being analt^ous to that by which urea is formed from 
ammonium cyauate : — 

CNSNH, = CS(NHs),. 

A number of derivatives of sulpho urea have been made. 
They resemble those obtained from urea 
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Urio acid, CiH,N,0). — Uric acid ocenre in human urine, 
in certain urinary calculi, in the untie of carnivorous animals, 
and of birde. The excrement of serpents consists almost 
entirely of ammonium urate. It has been made by heating 
together amido-acetic acid and urea. 

Uric acid is beet prepared either from serpents' excrement or 
guano. 

It forms a crystfllline powder, which is almost insoluble in 
water. It is a monobasic acid, though weak compounds with the 
alkali metals may be made which contain two atoms of metal 
in the molecule. 

Uric acid has been the subject of a targe number of inter- 
esting investigations, and many derivatives have been obtained 
from it. It would only tend to confusion to give an account of 
many of these derivatives here. Hence only a few of the trans- 
formations which have been effected, and which give an insight 
into the nature of the acid, will be mentioned. 

1. By heating uric acid, ammonia, hydrocyanic acid and nrea 
are formed. 

2. Heatedwithhydriodicacid, it yields carbon dioxide, ammo- 
nia, and glycine : — 

CiH,NA -H 5 H^ = 3 COj -)- 3 NHj -|- CjHjNOj. 

3. Oxidizing agents convert uric acid either into allantcHn, 
a complicated substance of the formula CiH^NjOj, or aUoxan, 
CtHjNjO,, which is closely related to parabanic acid, or oxalyl 
nrea (see p. 203), and barbituric acid, or malonyl urea (see 
p. 204). 

XacthiBe, CsH|N,0„ is found in some rare urinm-y calculi 
and in several animal liquids. It is formed by the action of 
nitrous acid on guanine, CtHjNjO : — 

CsHsNjO -1- HNOs = CsH^N.O, -f- HjO -|- N,. 

This reaction shows that guanine is an amido derivative, and 
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there are three claBBes ; (o) the primary, (6) the secondary, 
and (c) the tertiai-y alcohols. 

By oxidizing primarj- alcohols we get (S) aldehydes. 

By oxidizing secondary alcohols we get (4) ketones. 

By oxidizing alcohols, aldehydes, and ketones, we get (5) 
acids. 

Acidfi and alcohols act npon each other, fonniDg (6) ethereal 
salts, and alcohols can be converted into (7) ethers. 

Corresponding to the oxygen derivatives, we met with com- 
ponnds containing sulphur, aa (8) the sviphur alcohols, or 
mercaptans; (9) the avlphur ethers; and (10) the sidphonic 
acids. 

Next, we found compounds contaiDing nitrc^n. Under this 
head we considered cyanogen, and the allied compounds hydro- 
cyanic, cyanic, and stdpho-cyaiiic adds. Allied to these we 
found (11) the cyanides, and (12) the iaocyantdes; (13) IJie 
cyanaies, and (14) the isocyanates ; (15) the sulpko-cyanates, 
and (16) the iso-sutpho-cyanates or miistard oUs. 

Finally, we found (17) compounds containing metals in combi- 
nation with radicals. 

Representatives of these various classes of compounds were 
considered, and the relations between them pointed out. 

We toMod poly-acid aJcohols &nd poly-basic adds. 

Under the head of mixed compounds were found compounds 
which belong at the same time to two or more of the funda- 
mental Glasses, as the hydros-acids, the carbo-hydraies, and 
the amido-adds. A consideration of the amido-acids and 
the acid amides brought us naturally to the consideration of 
urea and its derivatives, and of nric add and its derivatives. 

We turn now to a new class of compounda, known as unsatu- 
rated comj)ounda. 
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CHAPTER XIII. 

UNSATURATED CARBON COMPOUNDS. — DIS- 
TINCTION BETWEEN SATURATED AND 
UNSATURATED COMPOUNDS. 

All the compoanda thus far considered are generally called 
saturated compounds. This is certainly an appropriate name 
as far as the hydrocarbons themselves and some of the claases 
of their derivatives are concerned. The expression " saturated" 
is intended to signify that the compoimda have no power to unite 
directly with other compounds or elements. Thus marsh gas 
cannot be made to unite directlj' with anything. Bromine, for 
example, mnst first dUplace hydrogeu before il can enter into 
combination witb the compound 

CH. + Br, = CH^r + HBr. 

The compotind is saturated. 

On the other band, a compound which can take np elements 
or other componnda directly is called unsaturated. Thus, phos- 
phoros trichloride is unsaturated, for it has the power to talte 
np two chlorine atoms thus : — 

PCI, + Clj = PCI,. 

Ammonia is unsaturated, for it can take up other elements ; — 

NH. + HCl = NH.C1. 
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The condition of uosaturation is met with among c&tbOD 
compounde in eeveral forms : — 

First. The aldehjdes act like unsaturated compounda, as 
shown in their power to take up ammonia, hydrocyanio acid, 
and other snbBtancee. 

Second. The ketones always act like unsaturated com- 
pounds, though their power in tiiis way is less marked than that 
of the aldehydes. 

TTiird. The substituted ammonias are unsaturated, in the 
same sense in which ammonia itaelf is unsaturated. 

Fburth. The cyanides take up hydrogen directly, and are 
therefore unsaturated also. 

In the substituted ammonias, and probably in the cyanides, 
the UDsaturation is due to the same cause as that in ammonia. 
In them the nitrf^en is tiivalent. In contact with certain 
substances it becomes quinquivalent, and saturates itself. 

In the aldehydes and ketones, carbon is in combination with 
oxygen in the carbonyl condition. When they unite with 
hydrogen and some compouuds, such as hydrocyanic acid, the 
relation between the carbon and oxygen is probably changed, 
the latter being in the hydrosyl condition. The changes are 
usually represented by formulas such as the following : — 

CH..C-» + H. °« 



CN 
OH' 



C = 0-f-HCR= C..., 
I I 

CHj CH, 



In the carbonyl group the oxygen is represented as held by 
two bonds by the carbon atom, while in the hydroxyl condition 
it is represented as held by one bond. The signs may be used 
if care is taken to avoid a too literal interpretation of them. 
There are undoubtedly two relations which carbon and oxygen 
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ETHYLENE AND ITS DERIVATIVES. 

Htdrocakbons, CnHj,,. 

The principal hydrocarbons of this series are included in the 
subjoined table : — 

Ethylene C^^. 

Propylene CgH„. 

Butylene C^«. 

Amylene CiH^. 

Hexjlene CgHu. 

Heptylene O7HU. 

The membere are homologous with ethylene. They bear to 
the paraffins a very simple relation, each one containing two 
atoms of hydrogen less than the paraffin with the same number 
of carbon atoms. 

Ethylene, oleflant e:aa,CiH,(= CH,.CHs). — This gas is 
formed when many oi^anic substances are subjected to dry 
distillation. The two principal reactions which yield it are : — 

(1) The action of an alcoholic solution of potassium hydrox- 
ide on ethyl chloride, bromide, or iodide : — 

CjHsBr + KOH = C^, + KBr + HjO. 

This is the mc«t important reaction for the preparation of the 
unsaturated compounds of the ethylene series. It is applicable 
not only to the hydrocarbons but to bodies belonging to 
other classes. By means of it we have it in our power to pass 
from any saturated compound to the corresponding unsaturated 
compound of the ethylene series. Tliua we pass ft-om ethane, 
CaHa, to ethylene, CjH,, by first introducing bromine, and then 
abstracting hydrobromic acid from the mono-bromine substitu- 
tion-product. Similarly, by treatment with alcoholic potash of 
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the mono-brotoiife substitution -products of other compounds, 
the corieapoDding unsaturated compouoda may be made. 

(2) The action of sulphuric acid and other dehydratjon 
i^eDts upon alcohol : — 

CjH, .OH = C,H, + HjO. 

Elxperlment 51. In a flask of 2' to 8i c&pocitj pat B mixture of 
2SB alcohol and 1608 ordinary concentrated sulphuric acid. Heat to 
160° to 170°, and add gradnally through a funnel tube about 600« of a 
mixture of 1 part of alcohol and 2 parts of concentrated sulphuric acid. 
Pass the gas through three wash bottles contaiulDg, In order, sulphuric 
acid, canstic soda, and sulphuric acid. Then pass It Into bromine 
contained In a cylinder, provided with a cork with two holes. If the 
cylinder has a diameter of about G™, let the layer of bromine lie about 
5*" to 7™ thick. Upon it pour a somewhat thicker layer of water. 
Place the cylinder In a vessel containing cold water. Pass the gas 
into the bromine until It is completely decolorized. 

Ethylene ie & colorless gaa which may be condensed to a 
liquid. It burns with a luminous flame. With oxygen it fonna 
an explosive mixture. Its most characteristic property is its 
power to unite directly with other substances, partitndarly with 
the JialogeTis and their hydrogen acids. Thus it unites with 
chloiine and bromine, and with hydriodic and hydrobrotnic 
acida ; — 

C,H4 + CI, = CiH,Clj ; 

CsH( + Br, = C,H,Brj ; 

CjH^ + HBr = CjH3r; 

CiHj + HI = C^,I. 

The prodncta formed witli chlorine and bromine are called 

ethylene chloride and ethylene bromide. They have been 
mentioned under the head of halogen derivatives of the paraf- 
fins. They are isomeric with ethylideue chloride and ethylidene 
bromide, which are formed by substitution of two hydrc^ens 
of ethane with clilorine or bi-omine. 
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Note. — The addltioD o£ bromine to etbylene is.UluBtratedbr the 
eiperiraent last performed. In which ethylene bromide is formed. To 
purify the product, put a little dilute caustic soda in the cyliuder, aad 
shake. Remove the upper layer of water, and repeat the washing with 
dilute caustic soda. Then wash with water two or three times, each 
time removing the water with the aid of the pipette described on p. 31. 
Flually, put the oil in a flask, add a few pieces of granulated calcium 
chloride, and allow to stand. Four off into a dry distUling-bulb, and 
distil, noting the temperature. 

A question which we may fairl; ask concerning the 8tructare 
of ethylene is thia : Doea it Gonaiat of two groups CH,, or of 
a methyl group, CHj, and CH? Is it to be represented by the 
formula CH,.CHj or CHg.CH? Perhapa the cleaieat answer 
to this question ia found in the fact that the chloride formed by 
addition of chlorine to ethylene, and that formed by replacing 
the oxygen in aldehyde by chlorine, are not identical. All 
evidence is in favor of the view that aldehyde is correctly 
represented by the formula CH,.C^. Hence, as has been 
pointed out, the chloride obtained from it must be represented 
thua, CHj .CHCls- Hence, further, it appeara highly probable 
Uiat the isomeric chloride obtained from etbylene must be 
repreaented thua, CHjCl.CHjCl. Now, as thia subatance is 
formed by direct addition of chlorine to ethylene, ethylene has 

CH, CH, 

the formula i , and not j - . 

CH, CH 

As regards the relations between the two carbon atoms of 
ethylene we know nothing, save that it is probably different 
from that which exists between the carbon atoma of ethane. 

CH, 
It ia usually repreaented by the sign = ; thus, n • We must 

CH, 
necessarily leave the question open as to the relation between 
the carbon atoms in ethylene. If the above sign is used, it 
should aerve mainly as an indication of the kind of unsaturation 
met with in etliylene, tlie compound in whose formula it is 
written having the power to take up two atoms of bromine, a 
molecule of hydrobromic acid, etc. 
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The homologuee of ethylene bear tbe same relation to it that 
the homologues of ethane bear to this hydrocarbon. Propylene 

CH.CH, 
is methyl -ethylene, 1 ,jnBt as propane is methyl-ethane, 

CH, ,CH, ^^' CH .CH, C(CH,) 

I . Butylene is dimethyl-ethylene, i , or i , 

CH, CH.C^, CH.CH, CH, 

or ethyl-ethylene, ' . That is to eay, in other words, 

in the hydrocarbons of the ethylene series the ethylene condi- 
tion between carbon atoms occurs only once. 
The higher members of the series need not be considered. 



Alcohols, C„Hi„0. 

These alcohols bear to the ethylene hydrocarbons the same 

relation that the alcohols of the methyl alcohol series bear to 

tbe paratSns. Only one is well known. This is the second 

member con-esponding to propylene. 

Allyl alcohol. C3tOC= CH,.CH.CH,OH). — This alcohol 
is formed in several ways from glycerin. 

1. By introducing two chlorine atoms into glycerin in the 
place of two hydroxyls, thus getting dichlorhydrin, CjHjClj . OH : 

CHpH CH,C1 

' HCl ' 

CHOH -I- "^ = CHCl -f- 2 H,0 ; 

I ^^^ i 

CHjOH CHjOH 

and treating the dichlorhydrin with sodium, which extracts the 
chlorine : — 

CHjCl CHj 

I I 

CHCl + 2 Na = OH +2 NaCl. 

I I 

CH,OH CH,OH 
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2. By treating glycerin with the iodide of phosphorus. This 
gives allyl iodide, CgHjI. By treating the iodide with silver 
hydroxide it is converted into the alcohol. 

3. Most readily by treating glycerin with oxalic acid, as in 
the preparation of formic acid. The mixture is heated to 220° 
to 230°, when allyl alcohol passes over. 

It is manufactared in this way on the large scale for the pur- 
pose of making artificial oil of mustard. The reactions involved 
are quite complicated. 

Allyl alcohol is a liquid boUiug between 90° and 100°. It 
has a penetrating odor. 

Nascent hydrogen, from zinc and hydrochloric acid, converts 
it partially into propyl alcohol : — 

CaHj-OH + H, = CjHi.OH. 

The relation between allyl alcohol and propyl alcohol is the 
same as that between ethylene and ethane. 

Allyl alcohol, like ethylene, unites directly with bromine, 
hydrobiomic acid, etc., the products being substitution-productB 
of propyl alcohol : — 

CjHj.OH + HBr = CjHjBr.OH, 

Uaaobrov-prcipirl slcohol. 

C^a.OH + 2Br = C,HiBr,.OH. 

rabrom-pnipyl slcohol. 

Allyl COmpoundB. — Among the derivatives of allyl alco- 
hol which are of special interest is aUyl sulphide, (CjHjjjS, 
which is the chief constituent of the oil of garlic. It may be 
made artificially by treating aUyl iodide with potassium sul- 
phide : — 
^ 2 CsHjI + Ki^ = (CsH,)^ + 2 KI. 

Ft is an oily liquid of a disagreeable odor. 

AUyl mustard oil, SCN.CjHs Under the head of 

Sulpho-cyanates mention was made of a series of isomeric 
bodies called isomdpho-cyanates or muetard oils. The sulpho- 
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cjanates of the alcobol radicals are made fVom potasaium 

Bulpho-cyanate. Tbiis, methyl sulpho-cjaoate is made by 

mixing together potaseium methyl-sulphate and potaasiuiQ 
sulpho-cyaDate, and distilUng: — 



KO 



NC8K + ^^ \ SO, = K^O, + NCSCH,. 



The mustard oils, on the other hand, are made by a compli- 
cated reaction from carbon bisulphide and substituted ammonias. 
The conduct of the aulpho-cyaiifltes led us to the conclusion 
that they must be represented by the formula NC — SE, while 
that of the isoaulpho-cyftuates or mustard oils led to the for- 
mula SC— NR, as representing their sti'ucture. Allyl muatard 
oil is the chief representative of the class of bodies known 
as mustard oils. It occurs as a glucoside (see p. 178) in 
mustard seed. From the glucoside it is formed by fermenta- 
tioo. It is formed by treating allyl iodide with potassium 
sulpho-cyanate. We would naturally expect this reaction to 
yield allyl sulpho-cyanate, but the compound actually obtained 
does not conduct itself like the sulpho-cyanat«s. 

Allyl mustard oil is a liquid, boiling at 150.7°, and having a 
penetrating odor. 

With zinc and hydrochloric acid it is converted into allyl- 
amiue, NH^.CsH,, hydrogen sulphide and carbon dioxide. This 
reaction indicates that in allyl mustard oil the radical allyl is in 
combination with the nitrogen and not with the sulphur. 

Note for Studbht. — What change do the mustard olla in general 
undergo wheu treated with nascent hydrogen? What change do the 
sulphocyanatea undergo under the same circumstances? 

Acrolein, acrylic aldehyde, C»H,0(= CHj.COH).— Acro- 
lein may be made by careful oxidation of allyl alcohol. It is 
formed by the dry distillation of glycerin which breaks up into 
water and acrolein : — 

CsHaO. = CjH^O + 2 H,0. 
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It ifl, hence, formed also by heating the ordinary fata, the 
peculiar penetrating odor noticed wliea fatty snbstancea are 
heated to a sufficiently high temperature being due to Hie forma- 
tion of acrolein. It is prepared best by heating glycerin with 
iicid potaeeium sulphate. 

Experiment 52. In a test-tabe mis anlijdrons glycerin (1 part) 
and acid potaaslura suipiiate (2 parts), and lieet the mixture. Pass 
the vapors throogh a bent tube into water contained In another test- 
tube. Notice the odor. Trj the effect on a dilute solution of nitrate 
of silver. What is the meaning of this reaction? 

Acrolein is a volatile liquid which boils at 52.4°. It has an 
extremely penetrating odor, and its vapor acts violently upon 
the eyes, causing the secretion of tears. 

Acrolein takes up oxygen from the air, and is converted into 
the corresponding acid, acrylic add, CgH40j (which see). 

It takes up hydrogen, and is thus converted into allyl alcohol. 

It t^kes up hydrochloric acid, and is converted into /3-chlor- 
propionic aldehyde ; — 

C^.COH + HCl = CHsCl.CH,.COH. 

jS^jhlor-propionio aldahyde. 

The first two reactions are characteristic of aldehydes in 
general ; the last one is characteristic of unsaturated compounds 
belonging to the ethylene group. Acrolein, like ordinary alde-- 
hyde, forma polymeric modifications, which can easily be recon- 
verted into acrolein. 

It unites with ammonia forming acrolein-ammonia, and with 
other substances in much the same way as ordinary aldehyde 
does. 

Acids, CbH,„_jO,- 

Rnnning parallel to the ethylene series of hydrocarbons, and 

bearing the same relation to it that the fatty acid series bears 

to the paraffins, is a series of acids of which the first member 

is acrylic acid, C^Ufg.jOf. Several members of the series are 
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knowQ. The principal memberB ore naiDed io the subjoined 
table : — 

ACRYLIC ACrO SERIES. 
Acms, C,Hj„ A- 

Acrylic acid C5HA. 

Crotonic " C,H.O,. 

Angelic " CjHsOj. 

Hydrosorbie " CHijOj. 

Teraerylic " CiHuOj. 

Clmic " C„HaO,. 

Hyp<^8eic " C,sHsi,0,. 

Oleic " C«Ps,0,. 

Eracic " CaH^jO,. 



Of most of the higher members of the Beries severiil iBomeric 
modifications are known. Only a few of these acide will be 
considered here. 

Aorylio acid, CHjOX^ CH,.CH.CO^). — This acid has 
already been mentioned in connection with hydracrylic acid, 
which, when heated, breaks up into acrylic acid and water : — 

CH^.OH.CHj.COjH = CH,.CH.CO,H + H,0. 

Hydracrylic uld. Acrylic Bcld. 

KOTB FOR Studbnt. — This reaction ia analogons to that which 
tahes plac« when ordinary alcohol Is conrerted Into ethylene. In what 
does the analogy consist? What acid Is Isomeric with hydracrylic 
acid? How does it conduct Itself when heated? Compare the trans- 
formation of hydracrylic ncld Into acrylic acid with that of malic inUt 
malelc and famaiic acids, and with that of citric Into aconitlc acid. 

Acrylic aeid may be made by careful oxidation of acrolein 
with eilTcr oxide. The relations between propylene, C|He, 
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allyl alcohol, CsIIj.OH, acrolein, C-Hj.COH, and acrylic acid, 
C^3 .COjH, are the same as those between any hydrocarbon of 
the paraffin series, and the corresponding primary alcohol, 
aldehyde, and acid. 

Acrylic acid may be made further by treating ^-iodo-propi- 
onic acid witb alcoholic potash ; — 

CH J .CHs .COjH = CHj .CH .COjH + HI. 

NoTB voR Studbnt. — Compare this reaction with tbaX by which 
ethylene is made Prom ethyl bromide. 

Acrylic acid is a liquid having a pungent odor. It boils at 
140°, and solidiSes at a low temperature. 

Nascent hydrogen converts it into propionic acid. Hyflri- 
odic acid unites directly with it, forming ^-iodo-propionic acid. 

- What are the analogous reactions with allyl 



Many derivatives of acrylic acid have been studied, but Uiey 
need not be taken up here. 

Crotonio aoid, OiHsOi. — Crotonie acid is made from allyl 
cyanide, the reactions involved being represented by t^e 
following equations: — 

CsHjI + KCN = CaHj.CN + KI ; 

Allyl todtde. Atlyl cfsnlde. 

CsH..CN -f- 2HsO = CaHjCO^H + NH,. 

It may be made also by distilling ^-hydroxy-butyric acid, 
CHs.CH{0H).CHa.C02H, when a reaction takes place similar 
to that involved in the preparation of acrylic from hydracylic 
acid. Further, it may be made by treating a-brom-butyric acid 
with alcoholic potash. 

Oleic acid, OieHgiOi. — This acid was spoken of in con- 
nection with the fats, it being one of the three acids found 
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most frequently iu combination with glycerin. Ole'in, or 
glyceryl tri-oleate, is tiie liquid fat, and is the ctiief constituent 
of the fatty oils, sucli as olive oil, whale oil, etc. It is con- 
tained also in almost all ordinary fats. In the preparation of 
stearic acid for the manufacture of candles, the olei'n is pressed 
out of the fats. To prepare the acid, olei'n is saponified, and 
the soap then decomposed with hydrochloric acid. 

Note for Student. — Give the equatlooB representing the reac- 
tions Involved in passing from oleln, or glyceryl tri-oleate, to oleic acid. 

Oleic acid is a crystallized substance which melts at a low 
temperature (14°). It unites with bromine, forming bibrom- 
olel'c acid. Hydriodic acid converts it into stearic acid : — 



PoLTBAsic Acids of the Ethylene Group. 
There are a few bibaaic acids which bear to the ethylene 
hydrocarbons the same relations fbat the members of the oxalic 
acid series bear to the paraffins. They may be regarded as 
derived from the hydrocarbons by the introduction of two 
carboxyl gronps. 

Acids, C,H,(00sH)2. — There are two acids of this formula, 
both of which have been mentioned. They are fumaric and 
mulifSie acids, which are formed by the distillation of malic acid. 

Noi^ roR Student. — What is the reaction? 

Fumaric acid may also be made by treating brom-snceinic 
CHBr.COjH 
acid, I , with alcoholic potash. 

CH,.CO,H 

Note for Student. — What is the reaction? 

Both fumaric and malefo acids are converted into succinic 



D,gn,-.rihyGOO^Ie 



ACETYLENE AUD ITS DEEIVATIVES. 221 

acid b; nascent hydrogen, and into broin- succinic acid by 

hydrobroinic acid. The character of the isomerism of these 

two acida is not understood. Their eas}' transformation into 

succinic acid and brom-succinic acid shows that the formula 

CH.CO,H 

I applies to both of them. 

CH.CO,H 

Aoids, GaHgO,. — There we three acids of this formula, all 
of which are obtained, eitlier directly or indirectly, from citric 
acid. They are known as tfoconic, cUraconic, and mesaconic 
acids. They bear tiie same relation to pyrotartaric acid, 
C,H,< 1?' , thatfumaric and malete acids bear to succinic acid. 
All are converted into pyrotartaric acid by treatment with 
nascent hydr<^en, 

Aoonitio aoid, [C380,(= CaHiCCOiH)^)]. — Aconitic acid is 
the only tri-basic acid of this group that need be mentioned. 
As has been stated, it is formed when citric acid is heated to 
175°. It is fonnd in nature in aconite root, and in the sap of 
sngor-cane and of the beet. 

Nascent hydr<^en converts it into tri-carballylic acid, 
C,H,(CO^)b. 

acetylese anb rrs derivatives. 
The principal reactions by means of which we are enabled to 
pass from a hydrocarbon of the paraffin series to the corre- 
sponding hydrocarbon of the ethylene series consists in intro- 
ducing a halogen ii\to the paraffin, and then treating the 
mono-halogen substitution-product with alcoholic potash : — 
C^^r = C^, + HBr. 

The effect of these two reactions is the abstraction of two 
hydn^en atoms from the paraffin. The following questions 
therefore suggest themselves : — 

Suppose a bibi'om substitution-product of a paraffin be heated 
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with alcoholic potaBh ; will the effect be that represented by 
the equation 

C^iBr, =: C,H, + 2 HBr? 

And, flirther, suppose a mono- substitution product of an 

ethylene hydrocarbon be treated with alcoholic potash ; will the 
effect be that represented by the equation 

CsH^Br = CjH, + HBr? 

If so, it is plain that we have it in our power to make a new 
aeries of hydrocarbons, the members of which shall bear to the 
ethylene lijdrocarbons the same relation that the latter bear to 
the paraffins. The general formula of this series would be 
C„Ha,_i, that of the ethylene Beries being C„Hfc, and that of the 
paraffin series, C„H2„+2. 

A few members of the hydrocarbon series, C^H^.j, are 
known, though only one is well known, and only thia one need 
be considered- 

Acet7l6ne, CjH,. — Acetylene is formed by direct combina- 
tion of hydrogen and carbon when a cnnent of hydrc^en is 
passed between carbon poke, which are incandescent in conse- 
quence of the passage of an electric current ; when alcohol, 
ether, and other organic substances are passed through a tube 
heated to redness ; when coal gas and some other substances 
are burned in an insufficient supply of air ; and when ethylene 
bromide is treated with alcoholic potash ; — 

CsH,Br, = CjHi + 2 HBr. 

It may be prepared most conveniently bj' the incomplete com- 
bustion of coal gas. 

Experiment 53. — Light a Bunsen burner at the base, and turn it 
down so that the flame Is small. The coniHtion is the same as that 
observed when d burner " strikes back." Tlie odor noticed, which Is 
familiar to every one who has worked in a chemical lahoratory, is 
that of acetylene, which is mlsed with the products given otf from 
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the burner- To collect the gas, arrange nn appnratas as aliowa in 
Fig. 13. Place tie glass funnel over the burner, from ivhlch acety- 
lene Is given off. In B put a strong solutiou of amraoniacal cuprous 
chloride prepared as follows : Make a saturated solution of 1 part 
common salt and 2^ parts crystallized copper sulphate. Saturate with 
sulphur dioxide. Filter, and wash with acetic acid. Dissolve the 
white cuprous chloride In ammonia. 



Connect the apparatus at C with some kind of aspirator (snctlon- 
pump, a gasometer fllled with water, etc.), and draw the gases slowly 
through the solution. The acetylene will be absorbed by the copper 
solution, and a precipitate formed (see Eip. B4). 

Acetylene U a gas of an unpleasant odor. It bums with a 
luminona, sooty flame. 

When heated to a snfilciently high temperature, it is con- 
verted into the polymeric substances, benzene, C«Hj, and sty- 
rene, CsH,, It unites witb hydrogen to form ethylene and 
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ethane. It unites with nitrogen, under the iafluence of the 
Bparke from an induction coil, forming hydrocyanic acid: — 

C(Hj + 2N = 2 HON. 

Acetylene forms some curious compounds with metals and 
metallic oxides. Among them may be mentioned the copper 
compound obtained in Exp. 53. This has the composition, 
CtHj.CujO, being a compound of acetylene and cuprous oxide. 
It is a reddish-brown substance which is insokiblc in water. 
When dry, it explodes violently at 120°. Hydrochloric acid 
decomposes it, acetylene being evolved, 

Kxpertment 54. Filter off the precipitate obtained Id Exp. 53, 
and wash it until the wash-water runs through colorless. Bring the 
precipitate, together with a little water, into a flask furnished with a 
funnel-tube and a dell verj- tube. Slowly add concentrated hydro- 
chloric acid, and notioe the evolution of gas. Collect some of It 
in a small cylinder over water, and burn It. 

Acetylene unites with bromine, forming the compound 
CjH,Bri, tetra-brom -ethane. It unites with bydrobromic and 
hydriodic acids, forming substitution-products of the satu- 
rated hydrocarbons : — 

CiH, -J- 2 HI = CsH J,. 

Most of the higher members of the acetj'lene series of hydro- 
carbons bear to acetylene the same relation that the higher mem- 
bers of tlie ethylene series bear to ethylene. The first one is 



Ethyl-acetylene 1 , 

CH 
C.CH, 
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It should be Doticed in this connection thtit there is a hy(lro- 
carbon of the formula C4He, which, strictly epeaking, is not 
a homolc^e of acetylene, though it is very closely allied to 

CH^CH, 
dimethyl-acetylene. It has the formula I 

CH = CH, 
The homol<^ues of acetylene may be divided into two 
classes : — 

1. Those which are obtained from acetylene by the replace- 
ment of one or both the hydrogen atoms by saturated radicals, 
such ns methyl, ethyl, etc. These may be called the true hnmo- 
logues. They alt retain the condition peculiar to acetylene. 

2, Those in which the ethylene condition occurs twice, as in 
the hydrocarbons of the formulas 

CH=CH, C(CH5)j 

I . , II , etc. 

CH=CH, C=CHj 

These may be called dietkyUne derivatives. 

We know nothing regarding the relation between the carbon 
atoms in acetylene. It is commonly represented by three liaes 

CH 
( = ),orthreedotB(*). Thus, acetylene is written ill orCHiCH, 

CR 
Like the sign for the ethylene condition, it should not be inter- 
preted too literally. It is best to regard it as the sign of a 
condition beat illustrated in acetylene, and which may therefore 
be called the acetylene condition. We recognize this eondUion in 
a compound by the power of the co-mpoicnd to take up four atoms 
of a halogen, or two molecules of hydrobromic acid and similar 
acids; though, as we have seen, these reactions are not distinc- 
tive for the acetylene condition, for the reason that the diethy- 
lene compounds have the same power. 

Propargyl alcohol, CjHiO. — This alcohol is mentioned 
merely as an example of alcohols which are derived from the 
acetylene hydrocarbons. It is the hydroxyl derivative of 
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allylene, or methyl-acetylene. It is made by treating brom- 
allyl alcohol, CsHjBr.OH, with alcoholic potash: — 

CjH^r.OH = CH,.OH + HBr. 

Acids, C„H5„.,0,. 
These acide are the carboxyl derivatives of the acetylene 
hydrocarbons, and hence differ from the members of the 
acrylic acid series by two atoms of hydrogen each, and from 
the membere of the fatty acid Beries by four atoms of hydro- 
gen each. 

/ CH \ 
Propiolic acid, CjH,0,(= I . — Thie acid is not 

known, but its bromine and chlorine substitution-products 
brom-propiolic and chlor- propiolic acids are known. Chlor- 
propiolic acid is obtained bj treating dichlor-acrjlic acid with 
barjia water : — 

C^,C1,.C0^ = Cyi.CO,H -1- 2HC1. 

/ C.CH, \ 

Tetrolic acid, C^H.OJ= \ ), is obtained by treating 

j8-chlor-crotonie acid with caustic potash ; — 

CCI.CH3 C.CH» 

I =1 + HCl. 

CH .COsH C.COjH 

Sorbic acid, C6HaO,(= CjHt.COjH). — This acid occurs in 
the unripe berries of the mountain ash. It takes up hydrogen 
and yields hydrosorhic add, a member of the acrylic acid series 
(see table, p. 218). It also taltes up bromine, the final product 
of the action being an acid of the formula C,H,Br,.COjH. With 
hydrobromic acid it forms dibrom-caproic acid : — 

CjH,-COjH + 2 HBr = C5H9Brj.COi,H. 

Dlbrom-CBprolfl ujid. 
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Leinoleic acid, CisH.aO,(= CuHji.CO^H).— This acid occurs 
in the form of an ethereal salt of glycerin in linseed oil. It may 
be obtained from linseed oi! by saponification. It is an oily 
liquid, one of the most marked properties of which is its power 
to take up oxygen from the air, being thus transformed into a 
solid substance. Linseed oil itaeif has this property of harden- 
ing or drying. It is the principal substance belonging to the 
class of drying oils. The oil is used extensively aa a constituent 
of varnishes and of oil paints. 



Valylene, CiHg. — We have thus far had to deal with three 
series of hydrocarbons of the general formulas CnHjn + j, CnHm, 
and CnHa,_,. We naturally inqnire whether there is a series of 
the general formula C„Ha,.,. A few members of the series have 
been prepared by abstracting hydrogen from certain of the acety- 
lene hj^drocarbona by tbe action of alcoholic potash on the bro- 
mine derivatives. Thus, valylene, GjH«, has been made by 
treating valerylene bromide, CjHjBrj, with alcoholic potash : — 
C^3rj = QHe + 2 HBr. 

It is a liquid. Its most characteristic property is its power to 
unite with bromine to form the saturated compound CtHgBrg. 

Dipropar^yl, CtHg. — Dipropargyl is obtained from the 
compound dibrom-diallyl, C^gBfa, by boiling with alcoholic 
caustic potash : — 

CsHgBrj = C,He + 2 HBr. 

It unites very readily with bromine, forming, as the final 
product of the action, the compound CeHaBrg, which is an 
octo-bromine sabstitution-produet of hexane, C^i,. 



The unsatorated hydrocarbons and their derivatives thus far 
considered are obtained by simple reactions from the saturated 
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oompounds, and they all have the power to take np readily 
bromine, bydrobromic acid, etc., and tlins to poee back to the 
Bittiirated conditioa. Whatever the real nature of the relation 
between the carbon atoms in all theae ansaturated hydrocarbons 
may be, it certainly is easily changed to the condition which 
exista in the Baturat«d compounds. There are aeveral hydro- 
carbons, however, which are anaatnrated but which are not 
easily converted into derivatives of the saturated hydrocar- 
bons. Although under some circumetances they with diffi- 
culty unite directly with the halogens, they do not tate up 
enough to convert them into derivatives of the paraffins ; and 
the products which are formed are unstable, easily giving up 
the halogen atoms with which they united. The simplest 
hydrocarbon of this new Icind is the well-known benzene, 
which ia isomeric with dipropargyl. Before proceeding to 
the consideration of benzene and its derivatives, it will be 
well to inquire whether the abstraction of hydr<^en by the 
reaction chiefly used can be pushed further than it has thus 
far been pushed. Can we, in other words, by means of this 
reaction get hydrocarbons of the formula C„H5„_b which have 
the power to unite directly with ten atoms of bromine? Such 
hydrocarbons have not been prepared. Hydrocarbons of the 
formula C„Hb„-b are known; but they are not made from the 
paraffins by abstracting hydri^en, and they are not converted 
into substitution-products of the paraffins by the addition of 
halogens and halogen acids. The componnda which have 
been considered fall under five general heads, according in the 
formulas of the hydrocarbons. Theae heads are, — 

1. Hydrocarbons, CnHjn + a, the paraffins and t]i£ij- derivatives. 

2. Hydrocarbons, CJi^^, or olefins and their derivatives. 

3. Hydrocarbons, CnHj^^j, or the acetylene hydrocarbons avt^ 

their derivatives, 
i. Hydrocarbons, C„Hj„_4, and their dei-ivatives. 
5, Hydrocarbons, CnH^^^, and their derivatives. 
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This classification, while strictly correct, is misleading, inas- 
much as it conveys no idea iu regard to the relative importaoce 
of the compounds of the different classes. As we have seen, 
the only compounds whose treatment required much time are 
those of the first class. These coropoundB stand out promi- 
nently, and are distinguished by the frequency of their occur- 
rence and their great number. The compounds of the second 
class arc much less numerously represented, and but a small 
number of them are familiar substances. While a few sub- 
stances belonging to the third class are known, our knowledge 
in regard to the class is much more limited than even that 
of the second class. Finally, as regards the fourth and fifth 
classes, the few representatives of them that are known are at 
present scientific curiosities. Thus, after we leave the part^n 
derivatives, onr knowledge dwindles away very rapidly when 
we pass to the following classes, until it ends with a single 
compound in the fifth class. 

We pass now to the consideration of a new group, the impor- 
tance and number of whose members entitle it to be placed side 
by side witb the group of paraffin derivatives. 
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CHAPTER XIV. 

THE BHNZHNB 8BRIB8 OF HYDROCARBONS.- 
AROMATIC COMPOUNDS. 

The fundameDtal enbatance of this group ie benzene, C«U«, 
irbich bears to the group the same relation that marsh gas 
bears to the group ot paraffin derivatives. Benzene, t(^ether 
with some of its homologues, is a pi'oduct of the distillation of 
bitnminons coal, and is, therefore, contained in coal tar. Aa 
coal tar is the raw material from which all bcnz^tie derivatives 
are obtained, it will be well briefly to consider the conditions, 
of ita formation and the method of obtaining pure hydrocarbons 
from it. 

Coal tar is a thick, black, tarry Uquid, which ia obtained in 
the manufacture of illnminating gas from bituminous coal. 
The coal is heated in retorts, and all the products passed 
through a series of tubes called condensers. These are kept 
cool, and in them the Uquid and volatile sohd products are con- 
densed, forming together the coal tar. It is an extremely com- 
plex mixture, from which a great many substances have been 
obtained. Among those most readily obtained from it are the 
hydrocarbons of the benzene series, as well as the hydrocarbons 
naphthalene and antliracene, both of which are important sub- 
stances. 

When the tar is heated, of course the most volatile liquids 
paas over first. These are collected in vessels containing water. 
The first portions of the distillate float on water, and constitute 
what is called the light oil. After a time hydrocarbons and 
other substances of greater specific gravity than the light oil 
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pass over. These portiona sink under water, and constitate the 
fieavy oil. 

The light oil is treated with caustic soda, vhich reiDOveB 
phenol (carbolic acid) and similar Bubstancea, and wit^ 
sulphuric acid, which removes certain basic compounds. The 
residue is liieD subjected to fractional distillation, by which 
means the first two members of the series can be obtained in 
verj nearly pure condition. As these hydrocarbons form the 
basis of a number of important industries, they are separated 
from coal tar on the lai^e scale. 

The principal members of the series are named in the table 
below. 

HYDROCARBONS, C„Hh.-«. 
Benzene Series. 

Benzene CgH,. 

Toluene C,Hj. 

Xylene CgH,^ 

Mesitylene 1 p ri 

Fseudocumene ) 



Durene ] 
Cymene ! 
Hexa-methyl benzene CuUm- 



^ 1 CidHij, 

Cymene J 



Benzene, CiH*. — Benzene is prepared, as above described, 
from the light oil obtained iVom coal tar. It is also prepared 
by treating benzoic acid with lime, when the acid breaks up 
into carbon dioxide and benzene : — 

C7HA = C,H, + COj. 

HoTB FOR Student. —What Is the analogous method for the 
preparation of marsh gas? 

Benzene has been made further by simply beating acetylene : 

3 CjHj = C,H,. 
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To parify the hydrocarbon obtiuned by fractional distillation 
from light oil, it is cooled down to a. low temperature, and that 
which does not solidify is poured off. The crystals are pressed 
in the cold between layers of bibulous paper, and are then very 
nearly pure benzene. This may be further purified by treat- 
ment with sulphuric acid, which removes a small quantity of a 
substance containing sulphur, and known as thiophene. Per- 
feotiy pure benzene is obtained by distilling pure benzoic acid 
with lime. 

Elxperiment 5S. Mix intimately 60( benzoic acid and lOOi quick- 
lime, and distil Trota a flask connected with a coDdenser. See that the 
materials and apparatus are dry. Add a little calcium chloride to the 
distillate; and, after it has stood for an hour or two, redUtil It from 
an appropriate sized dlstiUing-bulb, nodng the temperature at which it 
bolls. Put the redistilled hydrocarbon la a testtube, and snrroand it 
with a freezing mixture. 

Ebcperlment 56. — la most places where tbere are gas-works It wlU 
not be difficult to get a quantity of light oil. The separation of some 
of this into benzene and toluene, and the porlBcatlau of the two hydro- 
carboDs, is the best possible Introduction to a stud; of the aromatic 
compounds. The beuzene and toluene thus obtained may be used in the 
preparation of a iinmber of typical derivatives according to methods 
which will be described. In f ractlontng the light oil, it wit! be observed 
that there la a tendency to an accumulation of the distiltates In the 
parts boiling near 80" (the boiling-point of benzene) and llO" (Uie boil- 
ing-point of tolueue). The final purification of the benzene should be 
eSected by freezing and pressing, as described above. The tolueue 
should be distilled until by redistillation its boiling-point Is not changed. 

Benzene is a colorless liquid which boils at 80.5°. It has a 
peculiar, pleasant odor. Several of the homologiies of benzene 
have a similar odor. Hence the name aromatic compounds was 
given to them originally, and it is atill in general use. Benzene 
is lighter than water, its specific gravity being 0.899 at 0°, It 
barns vith a bright, lumioous fiame. 

Esperlment 67. — Poar a layer of benzene on water in a smnll 
evaporating-disli. Set Are to It. 
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At 0° beDzene solidifies, forming rhombic priema. It ie an 
excellent advent for oily and resinoua substances.' 

Chemical coTiducl of benzene, and hypothesis regarding its 
structure. In the light of the knowledge we have alreadj' 
gained in atudying hydrocartmns which contEiin a smaller pro- 
portion of hydr<^en than the parnfflns do, we would naturally 
expect to find that benzene can easily be converted into a 
derivative of hexane. We would naturally expect to find 
that it nnitea with bromine, just as dipropargyl does, to 
form an octo-brom-hexane thus, — 

CH« + Br8 = C,H,Brg; 
witii hydrobromic acid to form tetra-brom-hexane tliua, — 

C.H, + 4 HBr = C^ioBr. ; 
and probably with hydrogen to form hexane, — 

C(,H, + 8H = C«H»- 

But none of these reactions takes place. Hydrobromic acid, 
which acts so readily on all the unsaturated compounds hitlierto 
considered, does not act at all upon benzene. Bromine acts 
readily enough, but the action which usually takes place is 
like that which takes place with the saturated parafflns. It is 
aabstilution, and not addition. Thus, bromine forms moao- 
brom-benzene, CgHgBr, under ordinary circumstances. If, 
however, the action takes place in the direct sunlight, a prod- 
uct is formed which has the formula C^eBrg, known as 
benzene kexabromide, and to this no more bromine can be 
added. Further, benzene hexabromide is an unstable com- 
pound, — much less stable than benzene. When heated, It 
breaks up, partly according to the equation 

CaH^rs = CeHjBrj + 3 HBr, 

iB«luetie, tbe cbemlcal Individual of the definite fonuuli C^, moit not be oon- 
foDBdcd with "beulDs," tbe commercial lubiUiice oblalned Is tbe letUaag of pelro- 
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the chief product being a substittitioD-prodnct of benzene, — 
tri-brom- benzene, CgUjBr,. 

Treated with bydriodic acid, benzene takes up six atoms of 
hydrogen, and yields a hydrocarboa, CgUu, nhich, however, does 
not act like a member of the etbylene series, as it appears to 
have no power to take up bromine, etc., and shows a marked 
tendency to pass back into benzene, particuhiriy under the influ- 
ence of oxidizing agents. 

The facts mentioned show clearly that benzene differs in some 
way fundamentally from all the hydrocarbons which have been 
considered. But these facts are not sufficient to enable as to 
form a hypothesis in regard to its structme. On studying the 
many substitntion-producta of benzene, however, we soon become 
acquainted with facts of a different order and of the highest im- 
portance. 

It will be remembered that our theory in regard to the rela- 
tions of the x>arafflns to each other is based upon the fact, that 
only one mono-substitution product of marsh gas can be obtained 
with any given substituting agent. There is but one chlor- 
methaoe, but one brom-methane, etc. This fact leads us to 
believe that each hydrc^en atom of marsh gas bears the same 
relation to the carbon atom, or that marsh gas is a sjmmetrical 
compound. A similar conclusion has been reached in regard to 
benzene ; and it is based upon a most exhaustive stady of the 
substitution -products. Notwithstanding almost innumerable 
efforts to prepare isometic mono-substitution products of ben- 
zene, no such isomeric substances have been prepared. There 
is bnt one mono-brom-benzene, but one mono-chlor-benzene, 
etc., etc. Further, raono-brom-benzene has been prepared by 
replacing the six hydrc^en atoms of benzene successively bj- 
bromine ; and the product haa been found to be the same, no 
matter which hydr<^en was replaced. As this fact is of funda- 
mental importance, it will be well to consider how it is possible 
to replace the six hydrogens successively, and to know that in 
each case a different hydrogen atom is replaced. While it would 
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lead UB too far to consider this subject in detail, the principle 
made use of can be made clear in a few words ; — 

We have a compound, the formula of which is CgH,. Write 
it thus, CflHHHHHH, numbering the hydrogen aymbols to facil- 
itate reference to them. The problem is to replace, say H, by 
bromine ; in a second case, to replace H by bromine ; in a 
third, H, eto ; and to compare the six mono-brom-benzenes thus 
obtained. Suppose we treat benzene with bromine. We get 
a mono-brom-benzene, and we know that one of the hydrogen 
atoms is replaced by bromine, but of course we cannot tell 
which one. We may assume that it is any one of the six 
represented in the above formula. For the sake of the argu- 
ment, call it H. Our compound is tliereCore CgBrHHHHH. 
Now treat this compound with something else which has the 
power to replace the hydrogen, say nitric acid. A second 
hydrogen atom ia replaced by the nitro group NO,. Again, 
we do not know which one of the hydr<^en atoms is replaced 
in this operation, but we do know that it ia a different one 
from tJiat whidi was replaced by the bromine in the first 
operation. Call it H- We have, therefore, the compound 
C»Er(N02)HHHH, By treating this compound with nascent 
hydrt^n, two reactions take place, the chief one for our 
present purpose being the replacement of the bromine by 
hydri^en. In other words, H is put back into the com- 
pound again, and we have CaH(N02)HHHH. By means 
of two reactions which will be considered a little later it ia 
a simple matter to replace the nitro group by bromine. This 
done, we have the compound CoHBrHHHH, or a mono-brom- 
biL'nzene, in which the bromine certainly replaces a different 
hydrt^n atom from that replaced by direct substitution. The 
two products are, however, identical. The above explanation 
will aerve to make the principle clear which ia involved in the 
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Btud; of the relations which the hjdix^n atoms contained in 
benzene bear to the molecule. The principle has been applied 
sQccesBfully to all the hydr<^en atoms, and, as already stated, 
the result is the proof that all of these hydrogen atoms bear 
the same relation to the molecule. 

Thus far we have formed no conception in r^ard to the rela- 
tions existing between the constituents of benzene. Can we, 
on the baais of the facts above stated, form any satisfactory 
OOnceptJon in regard to these relations ? How can we imagine 
six carbon atoms and six hydrt^en atoms arranged so that all 
the latt«r shall bear the same relation to the molecule? The 
simplest conception is that each carbon is in combination with 
one hydrt^n, and that the six carbon atoms are arranged in 
the form of a ring, and not, as in the paraffins, in the form of 
an open chain, or a chain with branches. Using our ordinary 
method of representation, this conception is symbolized in the 

H 
C 




or, as the cnrred lines have no special signifloance, the expres- 
sion becomes ^ 

HC-^ ^CH 

I 1 

HC^ /CH 



ITiiB symbol, then, is tlie expression of a thought which is 
sii^ested by a study of the chemical conduct of benzene. 
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Before we can accept it as probable, it maet firet be tested by 
all the facts known to us. If it is not in accordance witti all of 
them, if it suggests possibilities which are not realized, then it 
must be discarded, and we must form some other conception in 
r^ard to the strncture of benzene. 

In the first place, then, does it account for the addition 
products, benzene hexabromide, hexa-hydi'o-benzene, etc. ? The 
formula represoDts each carbon atom as trivalent, and we would 
expect, therefore, that each ooe could take up an additional 
univalent atom, forming, in the case of bromine, a compound 
of the formula jjg^ 

BrHC^ ^CHBr 

I I 

BrHC. /CHBr 

HBr 

in which each tjarbon atom is acting as a quadrivalent atom. 
Unless the ring form of combination between the carbon atoms 
is broken up, it is impossible for the compound to take up more 
bromine. Hence, tbe last product of the addition of bromine 
to benzene should be benzene hexabromide ; and, in the same 
way, the last product of the addition of hydrogen should be 
hexa-hydro-benzene, as it is. The facts and the hypothesis are 
in harmony. 

Again, we may inquire : Of how many isomeric bi-substitu- 
tion products of benzene does the hypothesis suggest the exist- 
ence ? Numbering the hydrogens in the formula, we hare : — 
(1)H 

(6)HC^ ^CH(2) 

I I 

(5)HC, /CH(3) 

C 

H(4) 

The hydrogens (1) and (2). (2) and (3), (3) and (4), (4) and 
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(5), (5) and (6), and (6) and (1), bear the some relations to 
each other ; and, according to the formula, whether we replace 
(1) and (2), or (2) and (3), or (3) and (4), or any other of 
the above-named pairs, the product ought to be the same. We 
would get a compound of which the following is the general 
expression, in which X repreeentB any sabstituting atom or 
group:— X 

I I 

HC. /CH 

H 

In the second place, the hydrc^ens (1) and (3), (2) and 
(4), (3) and (5), (i) and (6), (5) and (1), and (6) and (2) 
bear to each other the same relation, hut a different relation 
from that which the above pairs do. Replacing any such pair, 
we would have a second compound, which is represented by 
the general formula 

X 

I I 

HCv yCX 



Finally, there is a tturd kind of relation, which is that between 
hydrc^ens (1) and (4), (2) and (5), and (3) and (6) ; and, by 
replacing such a pair, we should get a compound represented 
by the general formula „ 

I I 

X 
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The hypothesis suggests no other possibilities. We see thus 
that the hypothesis iudicates the existence of three, and only 
three, classes of bi-substitution products of benzene. There 
ought to be three, and oaly three, bi-chlor-benzenes ; three, 
and only three, bi-brom-benzenes, etc. 

The bi-substitution products have been studied very exhaust- 
ively for the purpose of determining definitely whether the 
conclusion above reached is in accordance with the facts ; and 
it may be said at once, that every fact thns far discovered is in 
harmony with the hypothesis, Tiiree well-marked classes of 
isomeric bi-substitutiou products of benzene are Itnown, and 
only three ; and many representatives of the three classes have 
been studied carefully. There are many other facts of less 
importance known which furnish arguments iu favor of the ben- 
zene hypothesis expressed in the formula above discussed, but 
this is not the place to consider them. Let it suffice, for the 
present, to recognize that the hypothesis is in accordance with 
the most important facts known to us. 

There is one point which has not been touched upon, and 
that is the relation of the carbon atoms to each other. In 
regard to this, as well as to the relation between the carbon 
atoms iu ethylene and acetylene, we know nothing. The 
formula is commonly written thus: — 

H 



H 

which indicates that the carbon atoms are Joined together 
alternately by simple and by double bonds. This formula, 
however, expresses something about which we know nothing, 
and concerning which it is difficult, at present, to form any 
conception. The simple formula 
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I I 



H 

leavee the qaestion as to the relalioo betweea Qie carhioa atoms 
entirely open, as it is in fact. 

The benzene hypothesis has thus been couaidered pretty fnlly 
for the reasons, that it has played an extremely important part 
in the study of the benzene derivatives, that its use aervee 
greatly to simplify the study of these derivatives, and that in 
moat text-books, wiiether elementary or advanced, the hypothesis 
IB merely stated, nhile the student is left to Bnd ont for himself 
its meaning, and this he generally fails to do. We may now 
return to a stndy of the facts upon which the hypothesis is 
founded, and of which the formula is the symbolic expression. 

Toluene, 0,H8(= CoHj-CH,). — Toluene was known before 
it was obtained from coal tar, as it is formed by the dry distilla- 
tion of Toln balsam, whence its name. Its relation to benzene 
is shown by its synthesis from brom-benzene and methyl 
Iodide : — 

C«H,Br + CHal + Naj = CeH,.CHa + NaBr + Nal. 

NoTR FOR Studbnt. — Compare this reaction wltb that used in tbe 
Hjnthesia of ethane from methane, of propane from eUiane and 
methane, etc 

According to this synthesis, toluene appears as methyl-beitzene, 
or benzene in which one hydrt^en is replaced by methyl ; or aa 
phenyl-methane, or methane in which one hydrogen atom is re- 
placed by the radical phenyl, CbH,, which bears the same 
relation to benzene that methyl hears to marsh gas. 
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Toluene is a colorless liquid which boiis at 110°; has the 
specific gravity 0.8824 at 0° ; and has a pleasant aromatic 
odor. 

It iB very susceptible to the action of reagents yielding a large 
□umber of substitution-products, some of the most important 
of which will be considered farther on. 

But one toluene or methyl-benzene has ever been discovered. 

Towards oxidizing agents its conduct is peculiar and interest- 
ing. The methyl is oxidized, while the phenyl remains intact. 
The product is a well-known acid, benzoic acid, which, as we 
have seen, breaks up readily into carbon dioxide and benzene. 
It has the composition C,HtO], and is the carboxyl derivative 
of benzene, CaHj.COaH. The oxidation of toluene ia repre- 
sented by the equation 

C«H,.CHj + 30 = CgH..COjH -f- H,0. 

Xylenes, CsH,„[- 0^(0H,),]. — That portion of light oil 
which boils at about 140° was originally called an/lene. It 
was afterwards found that this coal-tar xylene consists of 
three isomeric hydrocarbons. As the boiling-points of these 
three substances lie quite near together, it is impossible to 
separate them by means of fractional distillation. By treat- 
ment with sulphuric acid, however, they may be separated, 
and thus obtained in pure condition. They are known as 
ortho-xylene, meta-xylene, and para-xi/lene. 

Ortho-xylene resembles benzene and toluene in its general 
propei-ties, but boils at 142° to 143°, 

Meta-xylene boils at 139.8°. 

Para-xylene boils at 186° to 137°. 

These hydrocarbons have also been obtained from toluene by 



D,gn,-.rihyGOOgle 



242 BENZENE SERIES OP HTDROCAEBON8. 

means of the reaction made use of for the pnrpose of conyerting 
beozene into toluene : — 

C.H.<C" 

This shows that the; are all tnetkyl-tobtenes. There are 
three mono-brom-toluenee, known as ortho-, meta-, and para- 
brom-toluene. For the preparation of ortho-xjlene, ortho- 
brom-toluene is used; meta-brom- toluene yields meta-xylene, 
and para-brom-toluene yields para-xylene. 

Ortho- and meta-xylene have also been obtained from certain 
acids, which bear to them the aame relation that benzoic acid 
bears to benzene : — 

CyiJ CH, = CsH,(CHj,), + CO,. 
(.CO,H 

The reaction by which meta-xyhne ia formed from meaUyhnic 
oaiA ia of special importance, as will be pointed out. 

By oxidation, the xylenes undei^o changes like that which is 
illustrated in the foimation of benzoic acid from toluene, and 
which consists in the transformation of methyl into carboxyl. 
The first change gives acids of the formula *'8**i < p(,'ji' "^^ 
corresponding to each xylene. By further oxidation, these 
three monobasic acids are converted into bibasic acids of the 

formula C<^i<co'h" "^"^i ^^ '**'^^ ^^ ^W reactions, all 
of the same kind; — 



(1) C»H,.CHs + 30 = C^5.C0,H + H,0 ; 
CH, ^ ' * CO,H 



(2) C.H, < ™' +30 = C,H. < gH=^ + H^ ; 
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The three monobasic acids of the formala C,H,-c_^q'^ are 
known as ortho-toluic, meta-totuic, and para-toluic acids re- 
spectively ; and the thiee bibasic acids obtained {torn them 
are known as ortho-phthcUic, meta-p/Uhalic, and para-phthalic 
acids. Starting thus from the three brom-toluenes, we get, 
first, three xylenes, then three tolnic acids, and finally three 
phthalic acids. In each case, we distinguish between the 
three isomeric compounds by the prefixes oriho, nteta, and 
para. Id a similar way, all bi-substitution products of ben- 
zene are designated. We therefore have three series into 
which all bi-substitution products of benzene can be arranged ; 
and these are known as the Ortho-aeries, the Meta-series, and 
the Para-aeries. In arranging them in this way, we may 
select any prominent bi-substitution product, and call it an 
ortho compound; and then call one of its isomerides a meta 
compound, and the otber a para compound. Having thus a 
representative of each of the three classes, the remainder of 
the problem consists in determining for each bi-substitution 
product, by means of appropriate reactions, into which one 
of the three representatives it can be transformed. If from 
a given compound we get the representative of the ortho 
series, we conclude that the compound belongs to the ortho 
series ; if we get the representative of the meta series, we 
conclude that the compoimd is a meta compound ; and if we 
get the representative of the para series, we conclude that 
the compound is a para compound. As representatives, we 
may select either the three xylenes or the three phthalic 
acids. Now, to repeat, any bi-substitution pi-odnct of ben- 
zene which can be converted into ortho-xylene or into ortho- 
phthalic acid is regarded as an ortlio compound, etc. 

This classification of the bi-substitution products of benzene 
into the ortho, meta, aud para series, by means of chemical 
transformations, is entirely independent of any hypothesis re- 
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garding the nature of benzene. We may now aak, however, 
which one of the three general expressions given above (see 
formulas L, IL, and IIL, p. 238) represents the relntion of the 
groups in the ortho compounds, which one the relation in the 
meta compounds, and which one the relation in the para com- 
pounds. If we can answer these questions for any three 
isomeric bi-substitution products, the answer for the rest will 
follow. To reduce the problem to simple terms, therefore, 
let us take the three xylenes. We have three xylenes and 
three formulas : how can we deteimine which particular form- 
ula to assign to each xylene? 

As may be imagined, this determination is by no means a 
simple matter ; and it has been the occasion of a great many 
investigations. Theoretically, the simplest method available 
consists in carefully stadying the substitution -products of each 
xylene, to discover how many varieties of mono-substitution 
products can be obtained from each. The formulas are : — 

CH, CH, CH, 

(4)HC'' "^C.CHs (4)HC^ ^^CHO) (4)HC-^ ^CH(l) 

(3)HC. /CH(1) (3)HC. /CCHa (3)HC, /CH(2) 

^c c c 

(2) (?) ^^' 

Formate T. Formnli U. Fominla m. 

Each of the four unreplaced benzene hydrogens of tlie xylene 
of formula III. bears the same relation to the molecule. It 
therefore should make no difference which one is replaced, the 
product ought to be the same. This should not be true of 
the xylenes represented by formulas I. and II. That xylene, 
whose structure is represented by formula III., ought therefore 
to yield but one kind of mouo-substitution product. On stud\-- 
ing the xylenes, we find the one which boils at 136° to 137°, 
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called para-xylene, yields bnt one kind of mono- substitution 
products ; that is, we can get from it only one mono-brom- 
xylene; only one mono-nitro-xylene, etc. We therefore con- 
clude that para^ylene is represented by fonnula III, above ; 
and, further, that formula III., ou p. 238, is the geueral ex> 
presaion for aU para compounds. 

Examining formula I., on the preceding page, in the same 
way, we see that H(l) and H(4) bear the same relation to the 
molecule ; and that H(3) and H(2) also bear the same relation 
to the molecule, tlwugh different from that of H(l) and H(4). 
Two chlor-xylenes of the formulas 

CH. CH, 

I I and I I 

HC. /CCl HC. .CH 

H CI 

ought to be obtainable from the xylene of formula I. 

In the same way three mono-substitution products might be 
obtainable from the xylene of fonnula III. The metliod, the 
principle of which is thus indicated briefly, while theoretically 
simple enough, is very difficult in its application, except in the 
ease of the para compounds. Other methods have therefore 
been used, and these will be considered under mesitylene and 
naphthalene. It may be said, in anticipation, that the result 
of all obserratlone point to formula I. for ortho-xylene ; to 
formula II. for meta-xylene, and to formula III. for para- 
xylene. 

Bthyl-benzene, C»H,„(=C,Hs.0,H5f. — Tliis hydrocarbon is 
isomeric with the xylenes, but differs from them in that it cou- 
tains an etliyl group in the place of one hydrogen of benzene, 
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instead of two methyl groups Id tbe place of two hydix^iu of 
benzene. 

It is made by treating a mixture of brom-benzene and ethyl 
bromide with sodium : — 

C^jBr + CaH,Br + 2 Na = C»H,.C,H, + 2 NaBr. 

Its conduct towards oxidizing agents distinguishes it from the 
xylenes. It yields benzoic acid, just as toluene doea. In tiiis 
case, as in that of toluene, the paraflln radical is converted into 
carboxyl. It has been found that no matter what this radical 
may be, it is, under the same circumstances, converted into car- 
boxyl. 



, the comer. 


ons indicated below talte place 


C.H,.CH, 


gives C,H,.CO,H. 


C,H..C,H. 


" CA.CO,H. 


C(Hj -C3H) 


" CACO,H. 


C,H..C^„ 


" C,H..COJI. 


''^'^cS. 


„ „ „ ^ CO,H 


«^<s. 


" '^■<^i' ■"'■■'"'■ 



Meaitylene, C(H|,[= C^StiO^U]. — Mesitylene is contained 
in small quantity in light oil, and may be obtained in pui-e con- 
dition from this source. It is most readily prepared by treating 
acetone with sulphuric acid ; — 

3 CaHiO = C,Hu + 3 H^. 

It is a liquid resembling the lower members of the series in its 
general properties. It boils at 163°. 

Its conduct towards oxidizing agents shows that it is a tri- 
methyl-benzene. When boiled with dilute nitric acid, it yields 
meaitylenic acid, C^mOs, and uvUic acid, C»HsOj ; and, by 
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further oxidation with chromic acid, trimesitic acid, C«H«Og, is 
formed. Bj distillatioD with lime, mesi^leoic acid yields meta- 
xyleue and carbon dioxide ; uvitic acid yields toluene and car- 
bou dioxide ; and trimesitic add yields benzene and carbon 
dioxide. The formation and decomposition of the acids may 
he represented by the equations following ; — 



C»H,(CHs), 4-3 

UeatQIeos. 
fCHa 

CeHJcH, +30 
(-CO^ 

Multylcnh: add. 

(CH. 
CeHJcO^ + 30 
tcO,H 

DTltic add. 

ICOiH 

UHitylenlc sold. 

(CH. 

(.00^ 

tJHUeuld. 

(CO,H 
C,H,]C0,H 



fCH, 

= CJlJCH, + H.0; 

(C0(H 

Ueeilrlt^mi: aold. 

(CH, 
= CgHs^COsH + H,0; 

(.CO,H 
U-riOoMld. 

(CO,B 
= C,H,]CO,H + H^i 

(C0,H 

'MmsilUc add. 

(CH, 
(CH, ■ 

UeU-iflew. 



: Cfi, + 3 CO,. 



These traDsformatioDS show clearly that meeityleae is tri- 
methjl-benzene, but they do not show in what relation the 
methyl groups stand to each other. 

An ingenious speculation in regard to this relation is based 
upon the fact that mesitylene b formed from acetone. It 
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appears probable that each of the three molecules of acetone 
taking part in the reaction, 

3 C,H(0 = C^« + 3 H^, 

undei^oes the same change. Ae the product contains three 
methyl groups, the simplest assumption that can be made ia 
that each acetone molecule gives up water as represented 
thus : — 

CH,-CO-CH, = CH,-C-CH + H^. 

We thus have three residues, CHj— C— CH, and these unite 
to form trimethyl benzene. The only way in which the union 
can be represented, assuming that all three act in the same 
way, is this ; — 

I I 

H 

According to this reasoning, mesitylene is a symmetrical com- 
pound, — that is to say, each of the three methyl groups bears 
the same relation to the molecule ; and the same is true of each 
of the three benzene -hydrogen atoms. 

This view has been tested by replacing the three hydrogen 
atoms successively by bromine ; and it has been found that 
the view is confirmed, as but one mono-bromine substitution- 
product of mesitylene has ever been obtained. Accepting the 
formula above given for mesitylene, an important conclusion 
follows regarding the nature of meta-xylene. For we have 
seen that, by oxidizing mesitylene, we get, as the firat product, 
mesitylenic acid, — which is mesitylene, one of whose methyls 
••as been converted into carboxyl. As all the methyl groups 
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bear the same relatioa to the molecule, it makes no difference 
which one is oxidized. The acid has the formula 



I I 

COjH.Ci ,C.CH, 

C 

H 

Now, by distilling thb acid with lime, carbon dioxide is given 
off, and meta-xylcne is produced. 

As the change consists in removing the carboxyt, and replac. 
ing it by hjdrogeu, it follows that meta-xylene must be repre- 
sented by the formula 

CH, 

I I 

'H 

and consequently that, in all meta compounds, the two aubsti- 
tuting atoms or gioups bear to each other the relation which the 
two methyl groups bear to each other in this formula for mota- 
xylene. 

Pseudooumene, CoHii[-CiH)(OHs)j]- — This hydrocarbon, 
whicb is isomeric with mesitylene, occurs in coal-tar oil, from 
which it can be made in pure condition. Its properties are 
similar to those of the lower members of the series. It boils 
at 169.8°. 

Psendocumene has been made synthetically from brom-para- 
xylene and methyl iodide, and also from brom-meta-xylene and 
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methyl iodide. How this ia poaeible, will be understood by an 
examination of the fonrmlas below : — 

CHs CH, 

II II 

HC. /CBr HC\ /C.CH, 



Replacing the bromine by methyl, Id either of the componnda 
represented, the product would have the fonnola 

CH, 

I I 

HC. /C.CHs 
C^ . 
CH, 
which ia that of pseudocamene. 

Cymene. i ^^ fc.H,<^^ ] 

Para-methyl-propyl-benzene, ' ' 'a dH, / * 

This hydrocarbon ia of speeial importance and int«reat, on 
account of its close connection with two well-known groups 
of natural aubetaiices, — the groups of wbich camphor and oil 
of turpentine are the best-known representa tires . It occura in 
the oU of caraway and the oil of thyme. The terpenes, which 
are hydrocarbons of the formnla GiDH,g, and of which oil of 
turpentine is the best known, easily give up two hydrogen 
atoma and yield cymene. Probably the simplest way to pre- 
pare cymene is to treat camphor with phosphOrua pentaeul- 
phide, zinc chloride, or phosphorus pentoxide. 
It ia a liquid of a pleasant odor. It boils at 175°. 
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It has been made syntbetically from para-brom-toluene and 
propyl bromide : — 

CbH4<*^^' + CJI,Br + 2 Na 
Br 

= C6H.<^^» +2NaBr, 

which clearly shows its relation to benzene. Aa the final 
product of its oxidation, it yields para-pbthalic (t«rephthalic) 
acid : — 

see p. 246. 
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CHAPTER XV. 

DBBIVATrVES OF THE ffTDROO ARSONS, CnHj,-*. 
OF THE BENZENE SERIES. 

Becallino what we learned under the head of Derivatiyee of 
the Farafflns, we naturally look for representatives of all the 
claseea of compounds there met with. The derivativea of the 
parafiSns were classified into : — 

1. Hal<^en derivatives. 

2. Oxigen derivatives, including the Alcohols, Aldehydes, 

Acids, etc. 
S. Sulphur denvatives, including the Mercaptans, Sulphonic 
Acids, etc. 

4, Nitr(^en derivatives, including Cyanides, Amines, Nitro com- 

pounds, etc. 

5. Metallic derivatives. 

The derivatives of the benzene hydrocarbons may be classi- 
fied in the same way, but a change in the order of consideration 
will be somewhat more convenient in this connection, owing to 
many points of analogy which esist between the halogen sub- 
stitution-products, the nitro compounds, and the sulphonic 
acids. All of these three classes of derivatives of the benzene 
hydrocarbons are made by direct treatment of the hydrocarbons 
with the substituting agents, and in some respects resemble 
each other, so ttiat they will be considered in connection. As 
the amido derivatives of this series are made almost exclusively 
from the nitro compotinds by reduction, they will be considered 
in connection with the nitro comiwunds ; and, further, by treat- 
ment of the amido compounds with nitious acid, a new class 
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of nitn^en derivatives, known as diazo compounds, not met 
with in connection with the parafflns, is formed. These will 
be considered after the amido compounds. 

After these classes have been considered, we shall take up in 
turn the oxygen derivatives, which include the phenols or simple 
hydroxjl derivatives of the hydrocarbons, the alcohols, alde- 
hydes, acids, and ketones ; and, finally, the hydroxy-adds, 
which are strictly analogous to the bydroxy-acids of the paraffin 
series. 

We have thns the following classes ; — 

1. Halogen derivatives. 6, Svlphonic acids. 9. Acids. 

2. Nitro compounds. 6. Phenols. 10. Ketones (and 
^. Avnido compounds. 7. Alcohols. Qaitiones). 
4. Diaxo compounds. 8. Aldehydes. 11. Bydroxy-acids. 

The relations of most of these classes to the hydrocarbons 
are the same as those of the corresponding derivatives of the 
paratHn series to the paraffins ; and the general methods of 
preparation, as well as the reactions, are the same. Hence, 
most of the knowledge acquired in the first part of the book 
may be applied to the aeries now under consideration. 

An enormous number of derivatives of the benzene hydrocar- 
bons have been prepared and studied ; but we need study only 
very few in order to acquire a general knowledge of them. In 
the following a few of the more important repreaentotives of 
each class will be studied, mainly with the object of illnstrating 
general facts and general relatjons. 

Haxjjgek Derivatives of Benzene. 
Very litUe need be said in regard to these derivatives. By 
direct action of bromine or chlorine upon benzene the hydrogen 
atoms are replaced one after another, until, as the final products, 
hexa-cblor-benzene, CjCl,, and hexa-brom-benzene, CgBrg, are ob- 
tained. It has already been stated that, when the action takes 
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place ia direct Bonlight, addition- prodncte, CgH^U and C«H(Brt, 
are formed. Benzene hexachloride, CjH,CI,, is formed also 
when chlorine is couducted into boiling benzene. The addition- 
prodncts are readily decomposed, yielding tri-aubstitntioD prod- 
ucts of benzene and halogen acid : — 

CaH,Br, = C»H»Br, + 3 HBr. 

The substitution-products are very stable. They are, as a 
rule, formed more easily than the halogen derivatives of the 
parafflne, and, aa a rule, they do not give up the hal<^n8 as 
readily. Thus, while it is possible in the paraffin derivatives 
to replace chlorine and bromine by hydroxyl, the amido group, 
etc., these replacements cannot easily be effected in the benzene 
derivatives. The hal<^ens can be removed by sodium, as 
showu in the synthesis of hydrocarbons : — 

C9H.Br -I- CHsI -H 2 Na 
= C,H,.CH, + NaBr -f- Nal, etc., ete. 

They may also be removed by nascent hydr<^n, the hydro- 
carbons being regenerated : — 

C^CI, + iU = C^ -I- 2HC1. 

This hind of reverse substitution is not, however, effected 
easily. 

Perhaps the best known of the hi-substitution products of the 
class under consideration is 

Bibrom-benzene, C^Brj, which is one of the products of 
the direct treatment of benzene with bromine. This being a 
hi-substitution product of benzene, it follows, from what has 
been said in regard to isomerism in this group, that three 
isomeric varieties of the substance ought to be obtainable ; and 
the interesting question suggests itself: which one of the 
three possible bibrom-benzenes is formed by direct treatment of 
benzene witi) bromine ? The answer to the question is equally 
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interestiDg. The main product of the action is jwxra-bibrom- 
benzene, while there ia always formed in much smaller quantity 
some of the OTlho product. The reason why these products 
are obtained, and not the meta compound, is unknown ; nor 
has any plausible hypothesis been suggested to account for the 
fact. 

In studying the substitution-products of benzene, one of the 
first problems which present themselves is the determination 
of the relations which the substituting atoms or groups bear 
to each other. The determination is made, as has been 
stated, by transforming the compounds into others, the rela- 
tions of whose groups are known. Thus, to illustrate, when 
benzene ia treated under the proper conditions with bromine, 
two bibrom -benzenes are formed. Without investigation, we, 
of course, cannot tell to which series these compounds belong. 
But, by treating that product which is formed in lai^er quantity 
with methyl iodide and sodium, we get para-xylene. In other 
words, by replacing the two bromine atoms of the bibrom- 
benzene by methyl groups, we get a compound which we know 
belongs to the para series ; and, therefore, we have determined 
that the bromine product is a para compound. In the follow-. 
ing the chief reactions made use of for effecting the trans- 
formations of the derivatives will be discussed. 

Haioqen Demvatives of Toi,dbnb. 

As toluene is made up of a residue of marsh gas, methyl, CH^, 
and a residue of benzene, phenyl, CjHj, it might naturally be 
expected that it would yield two classes of substitution-prod- 
ncts: viz., (1) Those in which the substituting atom or group 
replaces one or more hydrogen atoms of the phenyl group ; 
and (2) those in which the substitution takes place in the 
methyl. Representatives of both these classes are well known. 
In general, when boiling toluene is treated with chlorine or 
bromine, products of the second class are obtained ; while, 
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when treated in the cold, prodacta of the first dasa are ob- 
tained. Thus, we have the two parallel series of chlorine 
derivatiTeB : — 

1. n. 

C»H,C1 .CH,. C«H, .CII^. 

C,H,a, .CHa- CJI, .CHCl,. 

CtHjCls-CH,. CsHj-CCIa. 

When a member of the first class is oxidized, the methyl is 
changed, and the rest of the compound remains unchanged, 
as in the case of toluene. Thus, the first substance of class I. 
yields the product CgH.Cl.COjH; the second, CgHjCI, .COjH, 
ete. These products are subatittiied benzoic acids. On the 
other hand, all the membei's of the second class yield the same 
product that toluene does; viz., benzoic add. Hence, by 
treatment with oxidizing ^ents, it is easy to distingniah between 
the members of the two classes. Further, the halogen atoms 
contained in the methyl are not as firmly held in combination 
as those in the phenyl. When, for example, the componnd 
CjH, .CHCl,, which is called benzol cMoride, is treated with 
water, both chlorine atoms are replaced by oxygen, the product 
■ being the aldehyde CjHj.CHO, which, as we shall see, is the 
familiar suhstance, oil of Mtter almonds. When, however, the 
isomeric di-cMor-toluene CgHjCla .CHa is heated with water, no 
change takes place. 

Regarding those simple substitution -products of toluene which 
contain one hal<^en atom in the phenyl, such as mono-hrom- 
toluene, CgHjE'-CHj, we see that they are bi-substitution prod- 
ucts of benzene, and hence capable of existing in three isomeric 
varieties, ortho, raeta, and para. The products formed by 
direct treatment of toluene with chlorine or bromine are mixtures 
consisting mostly of the para compound, together with a much 
smaller quantity of the ortho compound. 

The determination of the scries to which one of these products 
belongs may be made by replacing the hal<^en by methyl, and 
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thus getting the corresponding xylene. The main product of 
the action of bromine on toluene is thus conTert«d into para- 
xylene, and is therefore para-brom-toluene. 

Haloqen Derivatives of the Higher Meubers of 
TUB Benzene Series. 

Concerning the halogen derivatives of xylene, it need only be 
said that the only one of the three xylenes from which pure 
products can easily be obtained is para-xylene. When this is 
treated with bromine it yields but one mono-brom-xylene. The 
significance of this fact has been disoiissed above. The mono- 
substitution products obtained from the otlier xylenes are 
mixtures which it is very difficult, and in some cases impos- 
sible, to separate into their constituents. Mesitylene and 
pseudocumene, though both are tri-methyl-beuzeues, conduct 
themselves quite differently towards bromine, — the former yield- 
ing only one mono-bromine product ; the latt«r, a mixtui'e of 
several. 

NiTRO Compounds of Benzene and Toluene. 

In speaking of nitro com^Ktunds in connection with the paraf- 
fin derivatives (see p. 100), it was stated that they are obtained 
much more readily irom the benzene hydrocarbons than from 
the paraffins. But few nitro derivatives of the paraffins are 
known. As will be remembered, they cannot be prepared by 
treating tl^p paraffins with nitric acid, but must be made by 
circuitous reactions, the principal one being the treatment of 
the halogen derivatives with silver niti'ite : — 

C^^r + AgNO, = CjH5{N0,) + AgBr. 

Kltro^tbaoe. 

The preparation of a nitro derivative of a liydrocarbon of 
the benzene series is a simple matt«r. It is only necessary to 
bring the hydrocarbon in contact with strong nitric acid, when 
reaction takes place, and one or more hydrogen atoms of the 
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hydrocarbon are replaced by the uitro group KO^, as illustrated 
in the equations, — 

C^ + HNO, = C«H, . NO, + H,0 ; 

C«H,.NO, -H HNO, = C,H,(NO,)i +H/); 
^NO, 



C,H».CH, 



.(NO,), 

The nitro compounds thus obtained are not acids, nor are 
they ethereal ealts of nitrons acid, as the formulaa might lead 
UB to suppose. The most rational view held in regard to them 
is, that they are formed from nitric acid by the replacement of 
hydroxyl by benzene radicals, as indicated thus : — 

C(H,iH + HOl.NO, = CsH..NO, + H,0. 

Mono-nitro-benzene, CgHa . NO,. — This substance is made 
by treatii^ benzene with concentrated nitric acid, or with a 
mixture of ordinary concentrated nitric and sulpburic acids. 
In the latter case, the sulphuric acid facilitates the reaction, 
probably by preventing the dilution of the nitric acid by the 
water necessarily formed. 

Elxperlmenc 58. Make a nixtare of 160™ ordlnarj coDcentrat«d 
sulphnric acid, and TS" ordinary concentrated nitric actd. Let it cool 
t« the ordlaarr temperature. Put tbe vessel containing Jt In water, 
and add about 15™ to 20°° benzene, a few dropa at a time, waiting each 
time until the reaction Is complete. Bhalce well until the benzene is 
dfasolred; then pour slowly into about a litre of cold water. A yellow 
oil wilt sink t^) the bottom. This Is nltro-benzene. Poar off tbe acid 
and water; wash two or three times with water; separate the water 
by means of a pipette, and dry by adding a little granulated caicinm 
chloride. After standing for' some time, pour off from the calcium 
chloride, and distil from a proper sized distilling-bulb, noting the 
tjoiling temperiM.ure. 

Nitro-beuzcne is a liquid which boils at 206°, and has the 
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specific gravity 1.2. Its odor is lilie tiiat of the oi! of bitter 
almonds, and it is lience used in many cases instead of the 
latter. It ia Ivnown as the essence of Tnirhane. It is manufac- 
tured on the large scale, and used principally in the preparation 
of aniline. 

Binitro-benzene, CiH,(NO,)i. — This is a product of the 
further action of uitric acid on beuzene, or on nitro-benzene. 

Experiment 58. Make a, mixture of 50°= concentrated sulphuric 
acid, and 50™ fuming nitric acid. Without coollog add very slowly 
about 10™ benzene from a pipette with a fine opening. After the 
action \9 over, boll the mixture for a short time -, then ponr into about 
half a litre of water. Filter off the aoUd sal)stBDce thus precipitated, 
press It between layers of fllter-paper, and crystallize from alcohol. 

Dinitro-benzene crystallizes in long, fine needles, or thin, 
rhombic plates. Melting-point, 89.9°. 

By means of two reactions, which will be considered under 
the head of Diazo Compounds, it ia a simple matter to replace 
the two nitro groups by bromine, thus converting dinitro-ben- 
zene into bibrom-benzene. When the latter is converted into 
xylene, the product is meta-xyiene. Hence, ordinary dinitro- 
benzene is a meta compound. 

Nitro-toluenea, C6H.(N05).CHj.— When toluene is treated 
with strong nitric acid, substitution always takes place in the 
phenyl. The chief mono-nitro-tolaene is a para compound; 
while, at the same time, a little of the isomeric ortho compound 
is obtained. 

Note fob Student. — Wliat mono-bromine products are formed 
by direct treatment of toluene with bromine ? Given a mono-nltro- 
toinene. Uow is It possible to determine whether tt belongs to the 
ortho, the meta, or the para series? 

By treatment with nascenfiiydrogen, the nitro-toluenea are 
converted into the corresponding amldo compounds, called 
Toluidines (which see). 
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AuiDO Compounds of Benzene, etc. 
The lunido derivatdvos of the pnrafflnB are made, for the most 
part, by treating the halogen derivativeB with ammooia : — 

0,H,Br + NHj = CH,.NH, + HBr. 

In speaking of these derivatives, however, attention was called 
to the fact that they may be also made by treating nitro com- 
pounds with nascent hydrogen. The latter method ib one of 
great importance in the benzene seriea. It is need exclusively 
in the preparation of the amido derivatives of the benzene 
hydrocarbons. Several of these derivatdves are well known, 
the simplest and best known being amtdo-beiuxne or aniline. 

Aniline, C3.N{= C^.NH.). —Aniline was first obtiuned 

from indigo by distillation. Anil is the Portugnese and French 
name of the indigo plant, and it is from this that the name 
aniline is derived. Aniline is found in coal tar and in bone oil, 
a product of the distillation of bones. It is prepared by re- 
duction of nitro-benzene with nascent hydrogen. On the lai^ 
scale the hydrogen is obtained from hydrochloric acid and iron. 
For laboratory purposes tin and hydrochloric acid are perhaps 
best. Other reducing agents, such as an ammoniacal solution 
of ammonium sulphide, hydriodic acid, etc., also effect the 
changC) which is represented by the following equation : — 

CsHj.NOj 4- 6H = CsHj-NHj + 2H,0. 

Experiment 60. Dissolve the n1tro.benzene obtained In Gzp. 68 
in alcoholic atnmonia, and saturate the solution with hydrogeo sul- 
phide, keeping It aliglitly warm. On the water-bath distil off the excess 
of aTDmoniom sulphide and some of the alcohol. To the residue add 
dilute hydrochloric acid. Tliis will dissolve the aniline, but leave 
anj unchanged iiltro-benzenc undissolved. Separate tlie latter. Evapo- 
rate to dryness; mix with a little lime, and distil from a dry vessel. 
AnillDe will pass over. 

Aniline is a colorless liquid which rapidly becomes colored iu 
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the air. It boils at 184.5°. It solidifles at a low temperature ; 
is easily soluble in alcohol, but slightly soluble in water. The 
Bolution in water has only a very slight alkaline reaction. 

Experiment 61. To an aqueous Bolntlon of a little of the auUiuc 
obtained In Exp. GO, In a test-tube, add a filtered solution of bleach- 
ing powder (calcium hypochlorite). A beautiful purple color is pro- 

To a solution of aniline In concentrated sulphuric acid odd a few 
drops of an aqueoas solution of potassiam bicbroniate. A blue color 
is produced. 

Anihne bears to benzene the same relation that ethyl-amine 
or amido-ethane bears to ethane. It ie a subatittited ammonia, 
and, like other bodies of the same class, it unites directly with 
acids, f<5nning salts. Thus, with hydrochloric, nitric, and 
sulphuric acids the action takes place as represented below : — 

C^j.NH, + HCl = (CsH..NHg)a; 
C^^.NHj + HNOi = (C^.NH,)NO.; 
C^i . NHj + H^O, = CbH, . NHgHSO,. 

The formation of aniline hydrochloride was illustrated in 
Exp. 60, as was also the decomposition of an aniline salt by 
a caustic alkali : — 
2(C^5-NH,)C1 ■+- Ca(OH),= 2C«Hj.NH, + 2H^ + CaCl,. 

Among the most interesting changes which can be effected in 
aniline is that which takes place when it is treated with niti'otis 
acid (see Diazo Compounds, below). 

NoTK FOR Student. — What change Is usually effected In amido 

compounds by treating them with nitrons acid? 

ToluidineB, amido-toltieneB, C»E,<^^. — The tolui- 
dines, of which there are three corresponding to the three nitro- 
toluenes, are made from the latter in the same way tliat aniline 
is made from nitro-benzene. As para-nttro-toluene is the best 
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known of the three nitro-tolueDes, ao para-toluidine b the best 
known of tbe three toluidinea. 

■^^he properties of the toluidines are much like those of aniline. 

'^ated with various oxidizing agents, a mixture of aniline 
and the toluidinea is converted into a compound known bb 
roaanUine. This is the mother substance of the large group of 
bodies known ae the aniline dyes. Rosaniline and its deriva- 
tives, the aniline dyes, will be considered under Tri-phenyl- 
methane (which see). 

By nitrous acid the toluidines are transformed in the same 
way that aniline is (see Diazo Compounds). 

The xylidineB bear to the three xylenes the same relation 
that aniline bears to benzene. It is not a simple matter to get 
any one of them in pure condition. 

DiAzo CoMPOtiNDS OF Benzeke, etc. 
The usual action of nitrous acid on amido compounds is 
represented by the equation, — 

R.KH, + HNO, = R.OH + H^O + Nj. 

When an amido derivative of a hydrocarbon of the benzene 
series is treated with nitrous acid, and certain precautions are 
taken, a product is obtained which contains two nitrogen 
atoms, and which is, therefore, called a dictzo compound. 
Thus, in the case of aniline sulphate, the action is represented 
by the equation, — 

C,HsNHs.HiSO, + HNOj = CeHiNi.HSO, + 2 HjO. 

Aniline sulptaale. r>iuo.beD»ne lulphiv. 

So, also, with the nitrate we have, — 

CaHjNHj.HNO, + HNOa = C,H,Nj.NOs + 2H^. 

Aniline nitialo. Diaio-beniene nilrale. 

From these salts the diazo-benzene itself can be set free by 
means of acetic acid. It has been found to have the formula . 
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CaHjN,(OH). This compound is, however, verj' unstable, and 
is at once deeompoaed. 

Experiment 62. Arrange an apparatus as shown in Fig. 11. In 

flask A pat some coamelr-powdered arsenic trioxide (abont 1000> aofi 
through the fUnoel-tube pour 40™ to CO™ ordinary nitric acid of specific 
gravity 1.36. B is an empty cylinder surrounded liy water. (7 and D 
nre small flasks of about 100™ capacity, in each of which is brought 
10« to 15" aniline, and about 50" nitric acid of specific gravity 1.2. 



Fig. U. 

They arc kept In ire waCrr. Pass a current of the oxides of uitrogen 
until the material in the flasiis dissolves. Add to the solution about 
au equal volnme of nicohol previously couiedtoO', and then a little cold 
ether. If the operation lias been carried out properly, a copioDS pre- 
cipitate of crystals of diasa-bemene nitrate is formed. Filter off with 
the aid of a auction -pump, and, witkout delay, proceed to study the 
properties of the compound. 

(a) DiBBotve a Uttle In water of the ordinary temperature, and allow 

CoooAc 
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tbe soIdUod to stand. Decomposition, Indicated by cltange of color, 

will take place. 

(P) Boil a little with water In a tes[--tube, and notice the odor of 
phenol or carbolic acid. 

(c) Boil a few grams nlth alcohol in a test-tube, and notice tlie odor 
of fddehyde. Aild (vater, and notice the light, colorlesa oil at the top 
of the liquid, which has the odor of benzene, 

(d) Boil Home with hydrochloric acid. Chlor-benzene is formed, 
which Etnks to the bottom when water is added. 

In all these experiments a ga.s U evolved which can be shown to be 
nitrogen. Collect some, and show that It does not snpport combustion 

(e) Place a very little of the compound, dried by pressing in filter- 
paper, on on anvil, and strike it sharply with a hammer. It explodes. 

The above experimenta serve to indicate the instability of 
diazo-benzene niti'ate. This same instability is characteristic 
of all diazo compounds, and it is the ease with wliich they 
UDdei^o a variety of changes that makes them so valuable. 
The principal changes are : — 

1. That illustrated in Exp. 62 (6), which is brought about 
by boiling with water. The action is represented thus : — 

C^sNj.NOs + H^ = C^i.OH + N, -f- HNO.. 

PbenoL 

2. That illustrated ia Exp. 62 (c). which is effected by boil- 
ing with alcohol ; — 

CaH,N,. NO, + CjHaO = C^ + C^O + N, + HNO,. 

Bcnune. 

3. That effected by hydrochloric acid aa Illustrated in Exp. 
62 (d) : — 

C,HaN,.NO, 4- HCl = CeHjCl + Nj + HNO,. 

MoihXblor-beiume. 

Changes similar to the last are effected by hydrobromic and 

hydriodie acids, the chief products being brom-benzene and 
lodo-benzene respectively. 

From the above it follows that, if we have a compound con- 
taining a nitro group, we can, by making the diazo compound. 
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transform it (1) into the eorreaponding hydroxy! derivative ; 
(2) iQto the corresponding chlorine, bromine, or iodine deriva- 
tive ; or, (3) we can eliminate the nitro group, and replace it 
by hydr<^en. These reactions iovolving the use of the diazo 
compounds have been used very extensively in the investigation 
of tlie substitution-products of the benzene series. 

Note for Studbnt. — How can the relation of the groups In di- 
nltro-bensenc be determined by using the dlaio reactions? 

As regards the relation of diazo-benzene to benzene, it seems 
clear, from the reactions above considered, that in it the phenyl 
group C»Hj is present, and that this ia in combination with two 
nitrogen atoms. In the compounds, the two atoms of nitr<^cn 
form the connecting link between the phenyl group and the 
other constituent, as expressed in the formulas 

CeHj-Nj-NOa, 
CjHj-Nj-OK, 
C«H,-N,-Br, etc. 

The decompositions all indicate the correctness of this view. 
How the nitrogen atoms are united, we do not know. 

SuLPHONic Acids of Benzene, etc. 

The methods of preparation of the aulphonic acids, and the 

relations of these acids to the hydrocarbons, were considered 

pretty fully, in connection with the paraffins. Three general 

metliods for their preparation were given. These are : — 

1. Oxidation of the mercaptans; thus, ethyl-sulphouic acid 
ia formed by oxidation of ethyl^nercaptan, — 

CjHj.SH + Ob = Csflj.SOgH. 

2. Treatment of a halogen substitution-product with a sul- 
phite, — 

CjHsBr + Na^SOs = CjHj.SOaNa + NaBr. 

IhyGOOglC 
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3. Treatment of a hydrocarbon with snlphnric acid. This 
method is not applicable to the paraffins, bat is the one used 
almost exclusively in the case of the benzene hydrocai'bonfi. 
Benzene-sulphonic acid is formed thus : — 

CH. + H^O, = C»H..SO^ + H^. 

Toluene-Bulpbonic acid is formed thns : — 

C^.CH, + H^O. = C,H.<™^ + H,0. 

The reasonB for r^arding the snlphonic acids as snlphnric 
acid in which hydroxyl is replaced by radicals, were given on 
p. 76 ; and the student is advised to re-read carefully what 
is there said. 

Benzene-Bulphonio acid, C,H^o/= S.^}sO,) TUs 

acid is made most readily by treating benzene with ordinary 
concentrated sulphuric acid. 

Experiment 63. Id b flask bring together about 60™ benxene and 
100" concentrated sulphuric acid (ordinary). CoDnectwltb an inverted 
condenser (see Fig. 8, p. TO), and boll for aeveral hours, niitU the 
greater part of the benzene has passed into aolutiott. Pour the con- 
tents of the flask into a large evaporatlog dish of at least 8' to 10' 
capacity, containing 1' to 6' water. Hent gently, and add gradually, 
stirring jaeaa'nh\le,Jinely-p<mderect chalt, until the solution has become 
neutral. Pass through a muslin filter attached to a wooden frame, and 
wash thoroughly with hot water. Afterwards refllter the filtrate 
through a paper filter. Evaporate to quit* a small volume (say BOO™ 
to TOO™), and filter from gypsum. In solution there is now the calcium 
salt of the sulphonic acid. Add just enough of a solution of potaeslnm 
carbonate to precipitate exactly the calcium ; filter olT from the calcium 
carbonate, and evaporate to diyiiess, finally, on the water-bath. To 
prevent caking it is necessary to stir the thick, syrupy mass. When It 
is nearly dry, It is best to powder It, and complete the drying at 100° to 
120' m an air-bath. The potaasium salt may be used for a number oi 
experiments. 
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Bxpertment 64. In a dry evaporating dish mix 151 to 20s potaa- 
slam benzene- 3 alphonato and ao equal weight of phosphorus penta- 
chlorlde, by mcftna of a dry pestle. The mass becomes semi-liquid and 
hot, and hydrochloric is given off, !□ cooseqaence of the action of the 
moisture of the air in the chlorldee of phosptioms. Hence, the experi- 
ment should be performed under a hood or out of doors. The reaction 
TFhich takes place is represented b; the equation, — 

C,H5. SOjONa + PClj = C^Hj. S0,C1 + POCl, + NaCL 

After the action is over, and the mass cooled down to the ordinary 
temperature, add about a litre of cold irater. Everything nlll dlaaolve 
except the snlpbon-chloride, CgH, . S0,C1, which will remain as a heavy 
oil at the bottom of the vessel. Pour off the greater part of the water, 
and add SV to 40k solid ammonium carbonate. The chloride is thos 
converted Into the corresponding snlphon-amlde, thns : — 

C,Hj.SO,CI + aNH, = C^j.SO^H, + NH^CI. 

Alter cooling, filler off the snlphon-amlde; wash well with cold water, 
and crystallise from water. The prodact crystotllzes iu needles, ftising 
at 153°. 

Note fob Studemt. — Refer back to what was said regarding the 
acid chlorides and acid amides, paying particniar attentloD to the 
general methods of preparation and their decompositions. 

Elxperlinent 65. Mix SO* potassium cyanide with an equal weight 
of dry potassium (jenzene-sulphooate, and distil n-om a small retort. 
The distillate Is impure phenyl cyanide, C,Hs.CN: — 

*^' > SO, + KCN = C.Hi .CN -1- K,80j. 

Pat the phenyl cyanide in a flask of 600« to T00« capacity, and add 
300" of a moderately strong solution of potassium hydroxide In water. 
Connect with an inverted condenser, and boll for two or three hours. 
What Is given off? Test with the nose the gases at the upper end of 
the condenser-tube. After cooling, dilute with about an equal volume 
of water, and acidity with hydrochloric acid. A solid substance Is 
precipitated. Filter off, wash, and crystallize from water. It is 
benzoic acid. The reaction with canstlc potash Is represented thus : — 
CVHj.CN -I- HjO + KOH = C.Hj.CO^ + NH,. 
Benzene-sulphonic acid itself is a very easily soluble sab- 
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stance. It is a etroiig acid, aad fields a series of salts and 
other derivatives. 

When fused with potasaium hydroxide, benzene-sulphonic 
acid is converted into phenol (Exp. CC, p. 270) : — 

C,H..SOaK + KOH = C«H,.OH + K^Oa- 
By fnrther treatment of benzene with fuming Bolphuric acid 
A tienzene-diaalphoDic acid is formed. This is capable of the 
same transformations as the mono-snlphonic acid. 

Note for Student. — B; what reaction coald benzene-dlsulphonic 
addbctransroi-medintothecorrespondingdicarbonicacid.C^HifCO^),? 
Suppose the product obtained were mcta-phthalic acid, what coDclnsion 
coald be drawn with reference to the relation of the two sulpbo groups, 
80,H, iu the dlsnlphonlc acid? 

Phenols, ok IIydroxtl Dekivatitbs of Benzene, etc. 
The hydroxjl derivatives of the paraffins are called alcokols. 
As will be remembered they are of three kinds, each of which 
is characterized by certain properties. We have : — 

1. Primary alcohols of which ordinary ethyl alcohol is the 
commonest example, and which, when oxidized, yield aldehydes 
and then acids containing the same number of carbon atoms. 

2. Secondary alcoliols, which by oxidation yield acetones and 
then acids containing a smaller number of carbon atoms. 

3. Tertiary akohok, which by oxidation yield neither alde- 
hydes nor acetones, but break down at once, yielding acids 
with a smaller number of carbon atoms. 

The primary alcohols were shown to correspond to the 

I* (" 

formula C -I ; the secondary to C J ; and the tertiary to 

f^ Lho I- ho 

C ^ ; or, in other words, the primaiy alcohols contain tlic 

t no 

group CHj.OH; the secondary, the group CH.OH; and the 
tertiary, the group C.OII. 
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Now, the aimpleet hydroxy] deriTative of the members of 
the benzene aeries ia phenol, C(H, .OH, or benzene in which one 
hydrogen ia replaced by hydroxyl. Representing this com- 
pound in terms of the accepted benzene hypothesis, we have 
the formola 

OH 

I I 

HC. ,CH 

H 

According to this, phenol appears to be allied to the tertiary 
alcohols, as it contains the group C.OH, and not CH^OH nor 
CH.OH. We shall see that, in fact, phenol conducte itself 
towards oxidizing agents like the tertiary alcohols. ' 

All compounds which contain hydroxy! in the place of the 
benzene-hydr<^en atoms of benzene and its homologues are 
called phenols. As in the case of alcohols, there are phenols 
containing one hydroxyl, or vwn-a£id phenols ; those containing 
two hydroxy Is, or di-acid phenols ; those contaiaing three hy- 
droxyls, or tri-acid phends, etc. Some of theae are &miliar 
aubatances. 

MoK-ACn> Phenols. 

Phenol, carbolic acid, OiH,0(= C,Ht,OH). — Phenol is 
found in nature in small quantities in the urine. It is formed 
by the distillation of wood, coal, and bonea. Hence, it ia a 
constituent of coal tar, and from this it ia prepared. For this 
purpose the heavy oU (see p. 231) ia treated with an alkali 
which dissolves the phenol. From the solution it is precipitated 
by hydrochloric acid. It is purified by distillation. 

Phenol may alao be made by converting nitro-benzene into 
aniline ; then into diazo-benzene, and boiling this with water 
(see Kxp. 62 (6)) ; and by melting benzene-sulphonic acid 
with potassium hydroxide. 
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Experiment 66. In ft silver (or Iron) craclble, or eraporatlng 
dlah, melt 40* to 60« potaaslum hjdroilde, after (uldlug a^ew cable 
centimetres or vater. Now Add gradually 10> flnely-pondered potas- 
slnm benzene-sulphouate, obtained In Eip. 63, stirring constantly with 
a silver (or Iron) spatula. Do not beat to a very high t«mperatare. 
After the mass has been kept In a state of fusion for one-qnsrter to 
one-hair an honr, kt It cooL Dissolve in 200™ to 250"" water, and 
acidify with hydrochloric acid. Notice the odor of the gases given 
off. What gas do you detect? When the liquid has cooled down, 
extract with ether in a glass-stoppered cylinder. From the ether 
extiact distil the ether on a water^bath. The residue Is Impnre phenol, 
which may be detected by the following reactions, for which a solution 
in water should be prepared ; — 

(a) A few drops of ferric chloride solution gives a besntlfol violet 

(6) Add one-fourth volume of ammonia, and then a few drops of 
a dilute solution of bleaching powder. A bine color Is produced. 

(c) Bromiue water gives a yeUowish'Whlte precipitate of trl-brom- 
phenoL 

The reaction whicb takes place iu melting potasBium hydrox- 
ide and potasBium beuzene-aulphonate tt^ether is represented 
by the equation, — 

CsH,.SO^ + KOH = CeHj.OH + K^O,. 
It effects the replacement of the solpho groap, SOgH, by 
hydroxyl. 

Phenol, when pure, crystallizes in beantiful colorless rhombic 
needles. The preseuce of a little water prevents it from solidi- 
fying. It has a peculiar, penetrating odor ; boils at 180° ; is 
difficultly soluble in water (1 part in 15 parts water at ordinary 
temperature) ; mixes with alcohol and ether in all proportions ; 
and is poisonous. 

Phenol forms compounds with several metab. Among these 
may be mentioned the following : — 

Potassium pkenolate, CsHj .OK, made by dissolving potassium 
in phenol, and by treating phenol with caustic potash. 

Sarium pkenolate, (CsH(O)jBa ■+■ 2 H,0, made by dissolving 
phenol in baryta water. 
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Lead oxide phenol, GgHgO.PbO, made bj dissolving lead 
oside in phenol. 

It also forme ethers, of which the methyl and diphenyl ethers 
may serve aa examples : — 

Methyl-phenyl ether, CH^oJ^ 2!g'>o)- — This sub- 
stance, also called anisol, is obtained from anisic acid and from 
oil of winter-green by boiling with baryta water. It is made 
also by treating potassium phenolate, CgHjOK, with methyl 
iodide : — 



CHa ' 
It is a liquid of a pleasant odor. 



NoTB FOB Studevt. — Compare this substance with ordinary ethtr. 
What method analogons to that above mentioned ma; be used in the 
preparation of ordinary ether? 



Diphenyl ether, 0.,H..O(= p'™>0). — This bears to 



C3«^ 

phenol the same relation that oi'dinary ether bears to alcohol. 

"With acids, phenol, like the alcohols, yields ethereal salts in 
which the phenyl group, CJIj, takes the place of a metal. 
Among the compounds of this class which phenol forms with 
oi^anic acids, the following may be mentioned : — 

Phenyl acetate, CHjOjC- CH,.CO,.C^).— This is formed 
by treating phenol with acetyl chloride. 

Koix FOR Stddemt. — What use Is acetyl chloride put to aa a re- 
agent tn organic chemistry? Explain its use. What conclusion may 
be drawn from the fact that acetyl chloride acta upon phenol, replacing 
one hydrogen by acetyl, CjHjO? 

SvbatUuHon-producta of phenol. Phenol is very susceptible 
to the action of various reagents, and a large number of substi- 
tution-products have been made from it. 

The ease with which bromine acts upon it was illustrated in 
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Eip. 66(c), It was ehonn that, by the addition of bromine 
water to the water aolutioa of phenol, tri-brom -phenol ia formed. 

Dilute nitric acid acts npon phenol, yielding two mono-nitro- 
phenole, C,U, j ', one of which has been shown to belong to 
the ortho series, the other to the para eeries. 

Experiment 67. Add 20t phenol to a mixture of SO" water and 
40™ ordinary concentrated nitric acid (sp. gr. 1.S4). Stir, and, after « 
time, pour off the dilute acrd from the oil. Wash with water, and then 
pat it Into a flask, with about a litre of water, arranged as shown in 
Fig. 15. Flask A holds n<)tbing but water; while the oil. together with 



mg. ifi. 

water, are in B. From A a current of steam is passed into B, wlilch 
Is heated by means of a lamp. Yellow crystals pass o»er and appear 
in the receiver, while a non-volatile substance remains tAfaind in flask 
S. The volatile substance is ortho-nltro-phenol ; the non-volatile Is 
para-n 1 tro-phenol. 

Tri-nitro-phenol, picric acid, CeHsNjOjf^ CsHjI - ")■ 
Tliis ia formed very easily by the action of strong nitric acid on 
phenol. 

Experiment 68. Dissolve 10« to 16K phenol in weak nitric acid, 
and to this solution slowly add some strong nitric acid. Afterward 
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dilute wltb water; Alter off the picric acid, and wash. Dlj<aolve 
In dilute potassium carbonate solution, and CT^iorata to crystalllza- 



Ficric acid forms yellow crystals, has a very bitter taste, 
is poisonous, decomposes with eiiplosion when heated rapidly. 
It dyes wool and silk yellow. 

NOTB POH Student. — Is there any analogy between tri-nitro- 
phenol and trl-nltro -glycerin? What Is the essential difference be- 
tween them? 

One of the most interesting properties of tri-nitro-phenol is 
its power to form salts. It acte like a strong acid. It will 
thus be seen, that, while the substance CeH,.OH has only very 
slight acid properties, the same substance, with three of its 
hydrt^ns replaced by altro groups, CgHj(N02)a.OH, has 
strong acid properties. In the salts, which have the general 
formula CgIlj(N0s)3.0M, the metals replace the hydrogen of 
the hydroxy! . Among them may be mentioned the potassium 
salt which was obtained in Exp. 68 ; this explodes when heated 
. and when struck. Ammonium picrate, C8Hj(N0j)b.0NHi, Is 
used as a constituent of explosives. 



Phenyl hydroaulphide, < 
Uie same relation to phenol that mercaptan bears to alcohol. 
It may be made by reducing benzene-sulphonic acid. This 
reduction is effected by first making the sulphon -chloride, 
CjHa-SOjCl, (Exp. 64), and then treatdng this with nascent 
hydrt^en. 

-What is the effect of oxidizing the mercap- 



It may be made, also, by treating phenol with phosphorus 
pentasulphide, the effect of this ret^ent being to replace oxy- 
gen by eulphnr. 
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NoTB FOR Studbnt. — What analogy Is there between the action of 
phosphoms peDlacfalorlde and of phoBpboras pentastilphlde on coni- 
poQDds contalolug ozygeo? 

Fheoyl mercaptan ts a liquid, witfa a rerj disagreeable 
odor. With mercuric oaade it forms a crystallized com- 
pound, (Cyi^)iHg. 



CrsBolfl, C,H,0( = C3i<Q^)- — There are three cresols, 
OT hydroxjl derivatives of toluene, of the formula C,H, < '. 
They are all found in coal tar, and the tfkrs from pine and beech 
wood. When mixed together, it ia difflcnlt to separate them. 
To obt^D them in pure condition, it is therefore beat to make 
them from the three toluidinea, or from the three sulphonic acids 
of toluene. 

NoTX FOR Stddent. — Give the equations representing the reactions 
involved In passing from the three tclnidlues to the creaols, and from 
the t^ree toluene-snlphonlc acids lo the creaols. 

The cresols resemble phenol very closely. 

GreoBOte is a mixture of chemical compounds contained in 
wood tar. It contains the cresols. Coal-tar creosote consists 
largely of phenol. 

Thymol, propyl-meta-oresol, C,ftH,.0( = OiH,] OHt")). 

This phenol is contained in oil of thyme, together with cymene. 
It forms large monoclinic crystals, which melt at 50°. It has a 
pleasant odor, like that of the oil of thyme. Treated with phos- 

' FoimulH of Iblii kind tent nrj w«U b> Indicate tbi: relation of the groapa ud 
Btomi cDOCslned 1» beniens derlvBtliES. Thla oDe, lor enniple, ladlcaUi that the 
hTdroifl 1> in ibe meta poiltion |m) ID mnhyl; vhlle tbe propyl 1* In tb« pan 
poalUoD la DoMbrl (p). For bl-subMltutlon products, aucb fonnnlaa nu; alao 
b« uHd. Thna, Ihe three tololdinei may be reprwenled by C^<:,^^ . 

<=.".<S,.. - "■'•.<S5,..- ^^ 
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pborus pentoxide, it yields meta-creeol ; while, when treated 
with phosphorus pentaeulphide, it yields cymene. These two 
reactions iodicate that the groups contained in thymol bear to 
eacli other tlie relations indicated by the formula given above. 
It IB one of the two theoretically possible hydroxyl derivatives. 
The other one, carvacrol, has the bydroxyl in tbe ortbo position 
relatively to methyl. It has been made from tbe corresponding 
cymene-sulpbonic acid ; is found in nature in tbe ethereal oil 
of Origanum hirtum; and may be made from carvol, or the oil 
of CM-away. 

Dl-ACID Phbnoi-s. 
The three theoretically possible di-bydroxyl benzenes, 
CiHj < Qji, are all well Itnown. 

Pyrocatechin, i / n B ^ *^^ 1 

Ortho-di-hydroxy-benzene, /^'"'"'V ^•^^OH«,)/ 
This substance is a frequent product of the dry distillation of 
natural substances, — as of catechu, morintannic acid, etc., — 
and of the melting of resins with caustic potash. It may be 
made by melting ortbo- iodo-pbe not or ortbo-phenol-sulphonic 
acid with caustic potash. It forms ci^stals, which melt at 
104°. It is easily soluble in water, alcohol, and ether. 

The dilute solution in water gives with ferric chloride a 
dark-green color, which becomes violet on the addition of a 
little sodium carbonate. 

ReBoroin, i _ _ _ f „„ OH ^ 

Meta-di-hydroxy-benzene, ) "^"^^ ^'^^OH(»)/" 

Resorcin is formed by the melting of a nnmber of resins with 

caustic potash, as of galbantim, ssgapenum, asafostida, etc. 

It ia made, also, by melting meta-iodo-phenol or meta-benzene- 

disulphonic acid with caustic potash. 
It crystallizes from water, usoally in thick rhombic prisms. 

Melting-point, 110°. 
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With ferric chloride, the wat«r solution gives a dark purple 
color. Heated for a few minutes with phthalic acid in a. test- 
tube, a yellowieh-red mass is formed. When this is added 
to dilute caustic soda, a wonderfully floorescent solution is 
obtained. The explanation of this reaction will be given 
under the head of Tri-phenyl-methane, when the phtMleina 
will be considered. 

Resorcin is used largely in the manufacture of certain dyea, 
and is therefore manufactured on the large scale. 

^tr;3r'°' }o.H^.a(=c3{igg';). -T.. 

compound is formed by the action of nitric acid on resorcin, 
and on those resins which give resorcin when treated witi 
caustic potash. It closely resembles picric acid. Heated 
with bromine and acetic acid, it yields the substance known 
as brompicrin, which has the formula C(NOi)Brg. 

Hydroquinone, Xrirn/'-nw^OH 1 

Para-di-hydroxr-benzene, i '^ 'r *^' ^ OH<p)/ 
Hydroquinouc is formed by the dry distJllation of quinic acid, 
by reduction of quiuone (which see), by the action of chromic 
acid on aniline, by melting para-iodo- phenol, etc. 

It is a crystallized substance which melts at 169°; easily 
soluble in alcohol, ether, and hot water. 

Oxidizing agents, such as ferric chloride, chlorine, etc., con- 
vert it into qninone. 



It would lead us too far to consider here the reactions which 
bave been made nse of for the purpose of determining to which 
series each of tlie three di-hjdroxy-benzenes belongs. The 
principle involved, however, is simple. Either these substances 
must be converted, dii-ectly or indirectly, into others, in regard 
to the relation of whose groups we have evidence ; or sub- 
stances, the relation of whose groups is known, must be ooa- 
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verted into the di-hydroxy-benzenes. The reactions made use 
of for effecting the conversions are mainly those which have 
already been considered; viz., the formation of atnido com- 
pounds from nitro compounds by reduction ; the formation of 
diazo compounds from amido compounds ; the foiination of 
(1) hydroxyl derivatives, (2) chlorine, bromine, or iodine de- 
rivatives, from the diazo compoundB ; and the formation of 
hydroxy] derivatives from eulphonic acids. 



ai'e three dye-stuffs, known as archU, cudbear^ and litmus, which 
are made from different lichens by exposing them in powdered 
condition in ammoniacal solution to the action of air. They 
are treated witli decomposing urine, from which the ammonia 
is obtained. Archil contains a substance called orcein, which 
may be made from orcin by treating it with ammonia. Orcin 
is contained in several lichens. It is formed, also, by melting 
aloes with caustic potash, and by melting chlor-toluene-sulpho- 
nic acid with caustic potash. The last reaction shows that 
orcin is a di-hydroxy-toluene. 

Orcin crystallizes in large, colorless, monoclinic prisms. 
Turns red in the air. Ferric chloride turns the aqueous 
solution deep violet. 

Treated with ammonia in moist air, it is converted into 
orcein, CtHiNOs, a substance which dissolves in alkalies, 
forming beautiful red solutions. 

Orcin is manufactured on the large scale, and then con- 
verted into orcein, which is used as a dye. 

, Tri-acid Phenols, 

Pyrosallol, pyroBaUic •<'''>. I o^o.t- OJ!.(OH)J. 
Tn-hydroxy-benzene, ' ^^ » ■>— > 

Fyrogallic acid is formed by dry distJllatiou of gallic acid, the 
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reaction being analogous to that b; irhicb benzene b prodnced 
by disUllatiou of benzoic acid : — -' 

CbH,.CX>,H = CHg + CO,; 

Beniulc acid. Beomi*. 

(. (_.UjH F7n>(*llol. 

OslUc uld. 

It ia formed also when one of the chlor-phenol-snl phonic acids 
U melted with caustic potash : — 

CA]C1 +^"';-(iH,JOH+Ka + K,SO,. 
(S0.K ^"^ toH 

FotHiliiiii cblor-pbeuol- PjTogiUol. 

ftolphoiute. 

It crystallizes in laminae or needles ; melts at 115° ; is easily 
soluble in water, ether, and alcohol. In alkaline solution it 
absorbs oxygen rapidly and beoomes brown. On account of 
ibiB power to absorb oxygen it is used in gas analysis. It is 
poisonons. 

With a solution contaiuiug a ferrous and a ferric salt it gives 
a blue color. 

Most of the phenols give color reactions with ferric chloride, 
and most of them change color in the air. These changes in 
color are undoubtedly due to the action of oxygen upon tfaem. 
Towards oxidizing agents they are all unstable, most of them 
breaking down readily and yielding as tbe chief product of 
oxidation, carbon dioxide. In general, the lai'ger the number 
of hydroxyl groups contained in a phenol the less stable it is. 
We shall see that tbese same statements hold good for the 
hydroxy-acids of the benzene group, of which gaJlic acid and 
salicylic acid are examples. 

Alcohols of the Benzene Series. 

The phenols are those hydroxyl derivatives of the benzene 

hydrocarbons, which contain the hydroxyl iu die place of one 

or more of the six benzene hydrogens. But just as there are 
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two classes of halogen substitution -products of toluene, in one 
of which the subatitation has taken place in the benzene 
residue, and in the other in the marsh-gas residue, as indicated 
in the two formulas, — 

C«H,C1 . CH, and C«H, . CHtCl, 
so, also, there are two classes of hydroxyl derivatives: (1) the 
phenols, and (2) those in which the hydroxyl is in the marsh- 
gas residue. The simplest example of the second class corre- 
sponds to the formula, CjHj.CHj.OH. It is isomeric with the 
cresols, C^Hj.OH.CHg, and has entirely different properties. 
While the cresols are the true homologues of phenol, the new 
substance is really methyl alcohol in which one of the hydrogens 
of the methyl has been replaced by phenyl, C^Hj. It may 
fCA 

be represented by the formula, C j „ , when its analogy to 

f CH, I- OH 

etiiyl alcohol, C ^ , is at once apparent. 

Benzyl alcohol, 0,HeOC=06Hs.CHjOH).— Benzyl alcohol 
or phenyl carbinol is found in nature in the balsams of Pern 
and Tolu, and in storax. In these substances it is, for the 
most part, in combination with benzoic or cinnamic acid. It is 
made by treating the oil of bitter almonds, which is the corre- 
sponding aldehyde, with nascent hydrc^n : — 

CJIj.CHO -I- Hj = CaH5.CHj.OH. 

Oil ofbltter Blmonda. Benzyl alcohol. 

It is also made by replacing the chlorine in benzyl chloride, 
CftHj.CHjCl, by hydroxyl, just as methyl alcohol is made from 
methyl chloride by a similar replacement. In the case of 
benzyl chloride it may be effected even by boiling for a long 
time with water : — 

CeH..CH,Cl -J- H,0 = CflHi-CH^OH + HQ. 

IhyGOOglC 
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Benzyl alcohol is a liquid irith a pleasant odor. It boila at 
206.5°. 

Note fob Student. — Notice the great diOference between the boil- 
ing-pot nt of methjl alcohol and phenyl- methyl alcohol. 

Oxidizing agents convert the alcohol, fli-st, into the oil of 
bitter almonds or benzoic aldehyde, and finally into benzoic 
acid. The relations between the three substances are like 
those between any primary alcohol and the corresponding alde- 
hyde and acid, as shown by the formulas, — 

CjHbO, C,H,0, C,H^j, 

or C9H, .CHiOH ; or C^, .CHO ; or C^, .COJI. 

Beii2irl Hicobol. Benzoic ■Idebj'de. Beniolc acid. 

Hydriodic acid converts benzyl alcohol into toluene : — 
CaHi.CH^H + 2HI = CbH,.CH, + H^O + 21. 

Benzyl alcohol conducts itself, in most respects, like the 
primary alcohols of the methyl alcohol series. A large number 
of its derivatjves have been made and studied. Among them 
are ethereal salts, of which benzyl acetate, CHj.CO.OC?!!), and 
benzyl nitrate, NOj.OCjH,, may serve as examples; ethers, of 
which the methyl ether, CgH, .CHj .O.CH,, and the phenyl ether, 
CgH, .CHj.OCgHj, are good examples ; and substituUon-products, 
of which chlor-hetayl alcohol, C0H4CI -CHjOH, and nUro-bemxyl 
alcohol, CflH,(NOs).CHjOH, are examples. 

These substitution -products are not made by direct treatment 
of the alcohol with the substituting agents, but by starting from 
the corresponding substituted toluene. Thus, cblor-benzyl 
alcohol is made from chlor- toluene, C(H4C1.CH5, by first con- 
verting this into chlor-benzyl chloride, CaHjCl .CHaCl, and then 
replacing the cldorine of the group CHjCl by hydroxyl, Bj 
oxidation the substituted benzyl alcohols yield the correspond- 
ing substituted benzoic acids : — 

CflH,Cl.CHsOH 4- O, = CeH.Cl.COsH + H^. 
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Very few of the alcohols analogous to benzyl alcohol have 
been prepared. Plainly, the homologues may be of two kinds : 

1 , Those which are phenyl derivatives of the alcohols of the 
methyl alcohol series. Of this class, phenyl-ethyl alcohol, 
C^,.CHj.CHjOH, the isomeric substance CoH,.CH. OH. CHj, 
and phenyl-propyl alcohol, CeH,.CHi.CHj.CH,OH, are ex- 
amples. Phenyl-propyl alcohol is of special interest on 
account of its connection with cinnamic acid (which see), 
which has come into prominence since it has been shown to be 
closely related to the interesting bodies of the indigo group. 
It occurs in storax in the form of an ethereal salt, which will 
be spoken of more fnUy under the head of Cinnamic Acid. 

2. Those which are derivatives of xylene, roesitylene, etc., 
in the same sense as benzyl alcohol is a derivative of toluene. 
The following belong to this class : — 

Tolylcarbinol .... CA<^hoh' 



and Cuminyl alcohol .... CjHi < 



^Ciy)H 

which is made from cuminol, an aldehyde found in the oil of 
caraway. 

Aldehydes of the Benzene Series. 

The aldehydes of this group are closely related to the alco- 
hols Just considered. The simplest one is the oil of bitter 
almonds, or benzoic aldehyde, C]H(0. 

Oil of bitter almonds, i _ „ «r ^ tt m~mv t-L- i 
„ ,. ^ . ^OiH,OC=C»Hs.OHO). — Thissub- 

Benzoic aldehyde, J 
stance occurs in combination in amygdaUn, which is found in 
bitter almonds, lanrel leaves, cherry kernels, etc. Amygdalin 
belongs to the class of bodies known as gliicosides, which break 
up into a glucose and other substances. Amygdahn itself, 
under the influence of emulsin, which occurs with it ia the 
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plants, breaks up into benzoic aldehyde, hydrocjraDic acid, and 
dextrose : — 

C^„NO„ + 2 H,0 = C,HaO + CKH + 2 C^uO,. 

AmygdBlln. BeniDle HidBbrd*. Deitm^. 

Benzoic aldehyde may be made : 

1. B; oxidizing benzyl alcoliol : — 

C»H,.CH,OH + O = C»H,.CHO + H^. 

2. By diatjlling a mixture of calcium beazoate and calcium 
formate : — 

C,H,.C0ii3M! 



H .;CO0Ml 



= CaH, .CHO + MjCOj. 



3. By treating benzoyl chloride, the chloride of benzoic acid, 
with nascent hjdrogen : — 

C.H,.C0C1 + H, = CJI,.CHO + HCl. 

4. By treating benzal chloride with water or mercuric oxide; — 

CJIj.CHClj + HjO = C^j.CHO + 2 HCl. 

Note for Stddbnt. — Refer to the general methods for the prepara- 
tion of aldehydes. Which of the above reactions are used for the 
preparation of aldehydea in general? Which of the reactions throw 
light upon the nature of aldehydes, and their relation to alcohols? 

Benzoic aldehyde ia prepared either from bitter almonds, 
which yield about 1.5 to 2 per cent; or from benzal chloride, 
according to reaction 4, above given. The latter method is 
employed in the artificial preparation of indigo. 

Benzoic aldehyde is a liquid having a pleasant characteristic 
odor. It boils at 179°; is difficultly soluble in wat«r; is not 
poisonous. 

It unites with oxygen to form benzoic acid ; with hydrc^en 
to form benzyl alcohol ; with bydrt^en sulphide, ammonia, 
ammonium sulphide, alcohols, acids, anhydrides, and ketones. 
In short, its powers of combination with other substances are 
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almost unlimited. Hence, a yery large number of derivatives 
are known. 



Ciuninic aldehyde, oumiDol, C,oHi,0[- G«H, < . 



^CHO \ 

This aldehyde occurs in oil of caraway, from which it is made. 
It is a liquid with the odor of the oil of caraway. Its reactions 
are like those of benzoic aldehyde. 



Acids of the Benzei^e Sertes. 

The simplest of these acids has been referred to repeatedly. 
It is benzoic acid, which bears to benzene the same relation 
that acetic acid bears to marsh gas. It is the earboxjl deriva- 
tive of benzene. The homologous acids are the carboxyl 
derivatives of the homologous hydrocarbons. We shall find 
mono-basic, bi-basic, tri-basic, and even hexa-bssic acids, 
thoogb the number of acids actually known is small. 



Monobasic Acids, C„Hj„_/),. 

Benaoio acid, C;H,Oj(= OeHj.OO^). — Benzoic acid occurs 
in gum benzoin, in the balsams of Peru and Tolu, and in 
combination with amido-acetic acid or glycin in the urine of 
herbivorous animals. It may be made in many ways, the most 
important of which are stated below : — 

1. By oxidation of benzj'l alcohol or any alcohol which is a 
phenyl derivative of an alcohol of the methyl alcohol series. 
The common condition in all IJiese alcohols is the presence of 
the difficultly oxidizable residue, C^Hj, in combination with an 
easily oxidizable residue of an alcohol of the marsh-gas series : — 

CbHj.CH,OH gives CgHj.COjH; 

tyi, .CHa .CH^H " CJI, .COjH ; 

Cyij.CHj.CHj.CHjOH " CVHj.COjH, etc. 
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2. By oxidation of benzoic aldehyde, aod the t^ehydea of 
the other alcohols referred to in the preceding parafraph. 

3. By oxidation of all benzene hydrocarbons which contain 
but one residue of the marsh-gas series. Attention has already 
been called tu this fact (see p. 246). 

4. By treating cyan-benzene (phenyl cyanide, benzo-nitrile) 
with a caustic alkali (see Exp. 65, p. 267) : — 

CbH,CN + KOH + HaO = C^s.COjK +'nH,. 

5. By treating benzene with carbonyl chloride in the presence 
of alumininm chloride : — 

C^ + COClt = CbHj.COCI + HCl; 

C»H,.COCl + HjO = C,H..COsH + HCl. 

A reaction similar to this is of extensive application in the 
preparation of some hydrocarbons. It will be spoken of more 
fully Tinder the head of Tri-phenyl-methane. 

6. By treating benzene with carbon dioxide in the presence 
of alnminium chloride : — 

CeHe + COj = CsH,.CO^. 

This and the preceding methods ai'e of special interest from the 
scientific stand-point, for the reason that they clearly show the 
relation which exists between benzoic acid, on the one hand, 
and benzene and carbonic acid, on the other. 

Note for Student.— Which of the methods above given are of 
general application for tbe preparation of the acids of carbon? 

Benzoic acid is prepared on the lai^e scale: (1) from gum 
benzoin by sublimation; (2) from the urine of horses and 
cows by treating the hippuric acid with hydrochloric acid ; 
(3) from toluene, best, by converting it into benzyl chloride, 
and oxidizing this with dilute nitric acid. 
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ame. Add hydrochloric acid. Od cooling, blppurlc acid will be 
deposited. Secrystaltlze this several times from dilate nitric actd. 
Boil the hlpparlc acid for abont a qaarter of an hour with ordinary 
concentrated liydrochloric acid. By this means the hlppurlc acid Is 
decomposed, yielding glycia (amldo-acctlc acid) and benzoic acid: — 

" CO,H' 

aiyoln. 

Benzoic acid fomiB lustrous lamioEe or needles, which melt 
at 121°. 

Elzperiment 70. Compare the meltlng-poiats of the two speci- 
mens of benzoic acid whlcii have been made ; (1) tram phenyl 
cyanide (Exp. 65), and (2) from uriue. If they are not the same, 
recrystallize the specimens from water until the melting-points are 
not changed by further crystallization. Those specimens which are 
least pure may be pnriSed by recrystaHizlng them from dilute nitric 
acid. 

The* acid is comparatiTcly easily soluble in hot water, but 
difficultly soluble in cold water. It is volatile with water 

vapor. 

Experiment 71. Put some in a one-litre flask, with about 700°= to 
HOO™ water. Connect with a condenser, and boll down to about 200°=. 
Neutralize the distillate with ammonia, and evaporate down to a small 
volume. Acidify, wlien benzoic acid will be tbrowu down. 

Its vapor acts npon the mucous membrane of the respiratory 
passages, producing coughing. 
It sublimes very easily. 

Expertment 72. Put some dry benzoic acid In a small, dry crystal- 
lizing dish, and put the dish In a sand-bath. Over the mouth of the 
dish put a paper cone made from fllter-paper. arranged ns shown in 
Fig. 16. Heat with a small flame. The benzoic acid will be deposited 
on the paper in beautiful lustrous needles. 

Or another form of apparatus, which is useful for subliming small 
quantities of substance, consists, essentially, of two watch-glasses 
which are of exactly the same size. The edges of the glasses are 
ground to secure a good Joint when they are brought together. Id 
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nslDg this apparatuB, put the anbatance to be sablimed in one of tbe 
glasses; streteh a rouDd piece of fllter-pap«r over It, and then place 
tbe other glass npon it. Clamp the glasses together by meaua of a 
tbin brass clamp. Now put. the glasses on a sand-bath, and warm 



gently, when the snbetance will slowly pass through the paper and 
appear in crystals in the upper watch-glass. It is well to keep a small 
pad of moist fliter-paper on the upper glass during the operation. 

When beated with lime, benzoic acid breaks up into benzene 
and carbon dioxide (see Exp. 55) : — 

CHA = CeH, -I- COj. 

With sodium amalgam, it yields benzyl alcohol and other reduc- 
tion-products. With hydriodic acid, it yields toluene, and then 
hydrt^en addition- products of toluene. 

A great many derivatives of beuzoic a£id are known. 
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Neiirly all its salts are soluble in water. 
The ethereal salts may be made by any of the general 
meOiods already described. 

- What ore the general metbodq for tlie prepa- 

Bxperlment 73. Dissolve tW benzoic acid In 160™ absolute alco- 
lioL Pass dry hydrochloric acid gas into the solution, keeping the 
latter cool hy surrounding It with wat«r. When the solntion is 
saturated with hydrochloric acid, connect the Saak with an Inverted 
condenser, and warm gently on a water-bath for half an hour. Now 
add three or four volumes of water, when ethyl benzoate will separate 
. as an oiL Wash with water and a tittle sodlam carbonate; and, finally, 
dry. 

Benzoyl chloride, O^Hj.COCl, and bromide, CgHj.COBr, 
arc made from benzoic acid ia £he same way that acetyl chlo- 
ride ia made from acetic acid. They are more stable tban the 
corresponding compounds of the fatty acids, but in general 
undergo the same kinds of change. 

Benzoyl cyanide, 0»Hj.0O.ON, is made by distilling mer- 
curic cyanide and benzyl chloride : — 

2 C^g.COCl + Hg(CN), = 2 CaH..COCN + HgCl,. 

The cyanogen can be converted into carboxyl, and thns an 
acid of the formula CjHj.CO.COsH obtained. This is known 
as bemoyl'formic acid. It is of interest, for tbe reason that 
one of its derivatives is also a derivative of indigo (see 
Isatine) . 

SubstUittion-Prodncts of Benzoic Add. 
Benzoic acid readily yields substitution -products when treated 
with the halogens, nitric acid, and sulphuric acid. Tbe products 
obtained by direct substitution mostly belong to the meta series. 
Tiius, when chlorine acts upon benzoic acid, the main product 
is meldrchior-benzoic add; nitric add gives mainly meta-nitro- 
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bemok acid; and sulphuric acid gives mainly meta-sulpho-ben- 
zoic acid. 

NoTB FOH Student. — Compare Uils with the resalt of the direct 
action of the same reagcata ou totnenc. What Bie the Bret products 
of the action of oltrlc aud sulphuric acids on toluene? 

Sobetituted benzoic acids may be made, also, by oxidizing 
the corresponding substituted toluenes. Thus, chlor-toluene 
gives chlor-benzoic acid ; nitro-toluene gives nitio-benzoic-acid, 
etc. : — 

CaH^Cl.CH, gives C,H,C1.C0^; 

C^(NO,)CH. " C(P,(NO,)CO,H. 

The three nttro-benzoic adds and the corresponding amido- 
benxatc acids may serve as examples of the mono-substltutioD 
products. 

Ortho-nitro-benzoio acid. 0,HsNo/- C^< J^^J. 
Ortho-nitro-benzoic acid is formed, t<^ether with a lai^e quan- 
tity of the meta acid and some of the para acid, by treating 
benzoic acid with nitric acid, by oxidizing ortho-nitro -toluene 
with potassium permanganate, aud by oxidizing ortbo-nitro- 
cinnamic acid. It crystallizes in needles, melta at 147°, and 
has an intensely sweet taste. 

Meta-nitro-benzoio acid, C^<j,q is the chief prod- 
uct of the action of nitric acid on benzoic acid. It crystallizes 
in laminte, or plates, and melts at 140° to 141°. 

Para-nitro-benzoic acid, CeH. < m-q^)' '^ prepared best 
by oxidiziug para-nitro- toluene. It crystallizes in laminie, 
melts at 238°, and is much less easily soluble in water than 
the ortho and meta acids. 

The determination of the series to which these three acids 



D,gn,-.rihyGOOgle 



belong is effected by traDafomiiDg them into the amido-acids ; 
and these, through the di&zo componnde, into tlie coTreBponding 

hydroxy-acide of the formula C,H, < ^,^ ^. 

Note for Student. — Give the equations representing the action 
Involved In passing from toluene to ortlio-liyilrosj-benzolc acid (siili- 
cyllc acid) by the method above referred to. 

In a similar way, lines of connection can be established 
between the three hydroxy-acide and the chlor-, brom-, and 
iodo-benzoic acida. 

NoTB FOR Stddekt. — What are the reactions? 

The three hydroxy-acids, on the other hand, have been made 
by methods which connect them directiy with the three bibasic 

acids of benzene, C,H, < p^'g, which, in turn, have been made 
from the three xylenes. 

Ortho-amido-benzoio acid, Xcn-sin (- n-n ^ CO,H \ 
Anthranilio acid. I^'^'^^'t" ^•^^NH.wJ' 

This acid is made by reducing ortho-nitro-bcnzoic acid with 
tin and hydrochloric acid, and by boiling indigo with caustic 
potash. It has already been stated that indigo yields aniline. 
Now, as ortho-amido-benzoic acid is also obtained, and this 
breaks up easily into aniline and carbon dioxide, 



it seems probable that the aniline is a secondary product. 

Isatine, CbHjNo/^ CtH,<^'-*^C.OH)- — Isatine is ob- 
tained by the oxidation of indigo, and from ortho-amido- 
benzoic acid ae follows : — 

The amido-acid is converted into the chloride, the chloride 
into the cyanide, and this into the cortespondlng carboxyl 
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derivative, which is the ortho-amido derivative of benzoyl- 
formic acid. The ortho-amido-benzovl -formic acid thns ob- 
tained loses water, and is conveilied into isatine. The ctianges 
are represented by these equations : — 

" CaH,<S9p! , + HCl + POCl,; 
NH,(o) 

Ortho-amMo-benmyl 
chloride. 



The formula given for isatdne represents it as an anhy- 
dride of ortho-amido-benzoyl-formic acid, the water which is 
^ven off being supposed to be formed by a union of the 
two hydrt^ens of the amido group and an oxygen of car- 
bonyl. The formation of anhydrides of aromatic acids is 
a cbaract^nBtic of ortho eompoands. Neither tbe meta nor 
para compounds give up water. We shall find that this fact is 
illustrated in the case of the bibasic acids, the only one which 
yields an anhydride being ortho-phthallc acid, C,H. < ^^ , 
which gives phthalic anhydride, CjHj<" >0- This ready 
formation of anhydrides from ortho compounds, taken t<^etber 
with the fact that the meta and para compounds do not yield 
anhydrides, has been regarded as an argument in favor of the 
view that in the ortho compounds the two substituting groups 
are actually nearer together than in the meta and para com- 
pounds. 

The relation of isatine to indigo will be considered briefly 
under the head of Indigo. 
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Meta- and Para-amido-benzoio acids cire made from the 

corresponding nitro acids by rediiction. 

Hippiiric acid, benzoyl-amido-acetio aoid, 

C.H.NO,(= C^.CONH.CHiOOjH). 
Hippuric acid, as has already been seen (Exp, G9), occurs in 
the urine of herbivorous animals, aa the cow, horee, camel, and 
sheep. Some hippuric acid is found in human urine under 
ordinary circumstances. If benzoic acid be taken with the 
food, it appears aa hippuric acid in the urine, while derivatives 
of benzoic acid appear as derivatives of hippuric acid. 

Hippiunc acid can be made synthetically from benzoic acid 
and acetic acid : 

1. By heating glycine with benzoic acid to 160° : — 

'""""■" 'IhIHN^™, , CH,<™CO-C.H. + H,o. 

IBppurlc acid. 

2. By heating benzamide with chlor-acetic acid : — 
CaH,.CO.NHH + jiQ^'>CH, = *^""^2™>CHj + Ha. 

Hippuric add. 

3. By heating glycine with benzoyl chloride : — 
CH,<2?^ + CI.OC.CJIj = CH,<^^^-^^' + HCl. 

Hippuric acid crystallizes from water in long, rhombic prisms. 

It is decomposed into benzoic acid and glycine by boiling 
with alkalies, and more readily by boiling with strong acids 
(Exp. 69) : — 

CH,<^^^'^^ + H^ = CH,<^^^ + CJI,.CO,H. 

Note vob Student. — What relation does hippuric acid bear to 
1}«nzamide7 What Is tbe effect of bolUug acid amides with alkalies? 
Write the equatiou for tlie decomposition of bennamide, and compare 
it with that for,the decomposition of hippuric acid. 
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Toloio acids, CJ3tO,. — There are foar acids of this f ormala 
known ; viz. ; the three carboxyl derivataTes of tolnene in which 
the carboxyl takes the place of Ivenzene hydrc^en atocoB, 
CiHj < pq'jji aid an acid obtained from toluene by replacing a 
hydrc^en of the methyl by carboxyl, thus, C»H,.CH,.CO»H. 
Ortko-, metcf, and para-toluic acids, Cfi, < f^^^'nt are made 
by oxidizing the oorreBponding xylenes with nitric acid : — 

They, as well as their derivatives, of which many are known, 
have been studied carefully. The substituted toloic acids may 
be made either by treating the acidB with strong reagents or 
by oxidizing substituted xylenes : — 

mtio-if lew. Nltro-loluld acid. 

^ToMo .ola, (03.O.(-0A.Ca.0O«.-jMt 

Phenyl-aoetio acid, ' 
aa benzoic acid may be regarded ae pbenyl-formic acid, so 
a-toluic acid may be regarded as phenyl-acedc acid. It is 
obtained from mandelic acid, which is formed when amygdalin 
is treated with hydrochloric acid. It is prepared from toluene 
by converting this into benzyl chloride, from which the cyanide 
is made by boiling with potassium cyanide. The cyanide is 
then treated with an alkali, and yields the acid : — 

C»H„.CHj + a, =CbH,.CH,C1 +HC1; 

Boiling totnene. Bentyl chloride. 

C^,.CH/31 +KCN = CeHj.CHiCN + KCi.; 

Beuifl cysDlde. 

CJI,.CH^N + 2H80 = C„Hs.CH,.COsH + NH,. 

.-Talulc acid. 

The acid crystallizes in thin laminee ; melts at 76.5°. 

n,yn,-.^hyG00gle 
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NoTB FOB Studknt. — What would yon expect o-tolnic acid to yield 
when oxidized? (Bee p. 216.) What would ;oa expect It to yield 
when diatilled with lime? What would you expect the three tolnic 
acids,C,H,<^?3 . to yield by oxidation, and when dlatilled with lime? 



8.) 



Oxindol, O^NO = 03. < Z^ > CO ). — Oxindol is 6b- 



CH,^ 



tained by rednction of isatine (aee p. 289) ; and also from 
ortho-amido-a-toluic acid by loss of water, in the eame way 
tbat ieatJne ia formed from ortho-amido-benzoyl-formic acid. 
When a-toluic acid ia treated with Ditric acid, the para- and 
ortbo-nitro acids are formed. The latter is reduced by 
means of tin and hydrochloric acid, when oxindol is at once 
obtained : — 

Onbojualdcu-tolulcBcld. OifndoL 

Meeitylenio acid. UH,oO/= C^ { j^J^'V — This acid 
has already been referred to as the first product of oxidation 
of mesitylene. It is the only monobasic acid which has been 
obtained from mesitylene ; and, according to the accepted 
hypotheeiB, it is the only one possible. By distillation with 
lime, it yields meta-xylene. 

Note for Student. — Of what special significance ia the formation 
of meta-xylene from mesltylentc acid? 

Hpdro-omn^ic aoid , OA.CH..OH,.00,H,, 

Phenyl-propionic acid, > — . — . 

Hydro-cinnamic or phenyl-propionic acid is obtained by treat- 
ing cinnamic acid with nascent hydr<^en : — 

C»H,.CH.CH.COjH -h H, = CsHs.CHj.CHj.COjH. 

PhenytMrjIiB aciil. Fhoijl-pioploiiic *el^. 
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It is also made by storting from etbyl-benzene, C^H, .CjH,, and 
using the same reactioDS tliat are necessary to transform toluene 
iuto n-toluic acid (see p. 292), It is a prodiict of the decay 
of several animal substances, such as albumin, fibrin, brain, etc. 
It cryetallizes from water, in long needles, which melt at 47°. 
It yields benzoic acid when oxidized. 

cmnaimc acid, f *^^NH,{o) iuiB«.iu 

is prepared from hydro-cinuamic acid in tbe same way that 
ortho-amido-a-tolnic acid is made fiom a-tolnic acid. It is 
not obtained in tlie free state.; but, litce the ortho-amido 
derivatives of benzoyl- formic and of a-toluic acids, it loses 
water, and forms the anhydride, 

Hrdro-oarboetyril, CtH.<jT >C.OH. — Hydro-carbo- 

styril is made by treating ortho-oitro-hydro-cinnamic acid with tin 
and hydrochloric acid. It is a solid wiiicb crystallizes in prisms, 
melting at 160°. It is interesting chiefly for the reason that it 
is closely related to the imjiortaut compound quinoliiie (which 
see). When treated with phosphorus pentachloride, hydro- 
earbostyril is converted into di-chlor-quinoline. The signiG- 
cauce of this reaction will be spoken of hereafter. 

BiBASic Acids, CbHj„_,ii04. 
The simplest acids of this group are the tiu'ee phthalic acids, 
which are the di-carboxyl derivatives of benzene, belonging to 
the ortho, meta, and para series. 

acid was the first of the tiiree acids of this composition dis- 
covered ; and, as it was obtained from naphthalene, it was 
named phthalic acid. In addition to its formation from 
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naphthalene maj be mentioned that from alizarin and pur- 

purin; and from ortbo-toluic acid, ^ii^t<QQ'^(o)i ^y o^da- 
tion with potassium permanganate. 

Experiment 74. Mix 4<K naphthalene and 80i potasBinm cblorate, 
and add this mlxtore gradually to 40CK ordinary concentrated hydro- 
chloric acid. Naphthalene tetra-chloride, C,„Hg.Clj, is formed In this 
reaction. Wash with water. Graduallg add 4DW ordioarj concen- 
trated nitric acid (ap. gr. 1.45), and boll In a flask connected with an 
Inverted condenser. When all Is dissolved, evaporate the nitric acid; 
and, finally, distil the residue. Phthalic anhydride passes over. Be- 
crystallize from water. Tlile will be nsed for other experiments. 

Phthalic acid forms rhombic crystals, which melt at 213° or 
lower, according to circumBtances, as, when heated, it breaks 
up gradually, jven below the melting-point, info water and the 
anhydride which melts at 128°. Distilled with lime, it yields 
benzene; thongh, by selecting the right proportions, benzoic 
acid may be obtained : — 

(1) C^i < gg*g = C^ + 2 CO, ; 

(2) CeH, < ^ J^ = C^, . CO,H + CO,. 

Phthalic acid is decomposed by chromic acid, yielding only 
carbon dioxide and water. Hence, ortho-xylene, when treated 
with chromic acid, does not yield phthalic acid. By boiling 
ortho-xylene with nitric acid, however, it yields ortho-toluic 
acid, C,Hj<„Q'mQj, and this may be oxidized to phthalic 
acid by treatment with potassium permanganate. 

,>0, is formed by heat- 
ing phthalic acid. It forms long needles, which melt at 128°. 
Treated with phenols, it forms the compounds known as phtka- 
leins (which see). 
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Meta-phthalic ooid, > CU^dn)' 

diziug either nieta-xylene or meta-toluic acid with chromic 
acid ; by distilling meta-benzene-disulphonic acid with potas- 
sium cyanide, and boiling the resulting dicyanide with an 
alkaU. 

NoTB POR Studbnt. — Write the equations representing the action 
Involved in passing from meta-bensene-dlaulplionlc add to isophthalic 
acid. Into which dlhyd rosy-benzene Is this same dlsalpbonic acid 
converted b; melting it with caustic potash? 

The acid is formed, further, by treating meta-sulpho-benzoic 
acid with sodium formate : — 

FoUnllun julpho. 



This reaction is of importance, for the reason that the same 
Bulpho-benzoic acid, which la thus converted into isophthalic 
acid, can be converted also into one of the three hydroxy- 
benzoic acids ; and thus connection is established between 
the latter and isophthalic acid and meta-xylene. 

Isophthalic acid crystallizes in fine needles from water. It 
melts atx)ve SOO", and is not converted into an anhydride. 



Terephthalic acid, ) „ „ ^CO,H ~ ,^. ,. ., 

.,, , i, ,. ■, S-C8H,<„-,'„ . — Terephthalic acid 

Para-phthalic acid, / »"' ^ CO,H(p) *^ 

is formed by oxidation of the oil of turpentine,' cymene, para- 

xj'lene, and para-toluic acid ; by beating a mixture of potasaium 

para-sulpho-benzoate and sodium formate : — 



j-bemoitte. pbtbKlaU. 

> The pnfli tire li derived from the Latin lenHntkiTHit, 
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Para-sulpho-benzoic acid ia converted into one of the three 
hydroxy-benzoic acida by caustic potash. In the para as well 
as the mete series, the lines of connection indicated below have 
been esteblished : — 

'^•"•<CO,H^''*"''^SO.B T CH. 

I * I 



Terephthalic acid is a solid which is practically insoluble id 
water. It sublimes without melting and, like isophtbalic acid, 
yields no anhydride. 

Hexabasic Acid. 
Mellitic acid, 0,3sO„[= Cs(CO,H).]- — This acid occurs 
in nature in the form of the aluminium salt, as the miueral 
honey-Blone or mellite. The mineral is i-are, and is found in 
beds of lignite. Mellitic acid has been made by direct oxida- 
tion of carbon with potaBsiuni permanganate, and by oxidation 
of hexa-methyl-benzene, CB(CHg)s. By ignition with soda-lime 
it is converted into benzene and carbon dioxide : — 
Co(COiH)( = C»H, + 6 CO.. 

Phenol-acids, ok Hydkoxt-acids op the Benzene Series. 
It will be remembered that the alcohol acids or hydroxy- 
acids of the paraflSn series form an important class, including 
such compounds as glycolic, lactic, malic, tartaric, and citric 
acids. The peculiarity of these compounds is their double 
character. They are at the same time alcohols and acids, 
though the acid properties are more prominent than the aloo- 

CoooAc 
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bolic. The hydroxy-acids of the benzene seriea bear the aame 
relatioDS to the benzene bydrocarbous that the hydroxy-acida 
already considered bear to the paraffins. The simplest arc 
those which contain one hydroxy! and one carboxyl in benzene, 
baring the formula C,n, < . 

MONO-HTDHOXT-BENZOIC ACIDS, CiHoOj. 

Scdicylic aoid, )-,„ ,OH a ,. ,. 

Ortho-hydroxy-benzoic acid, t'^'^'^OO.Ho)' '*'^*'J""' 

acid 18 found in the form of an ethereal salt of methyl, in the 

oil of wintergreen, prepared from the bloeeomB of Ga-idtfieria 
procumbens. It is formed in a number of ways, among which 
the following should be specially mentioned ; — 

1. By converting ortbo-amido-benzoic acid into the diazo 
compound, and boiling with water. 



2. By melting ortho-sulpho-benzoic acid with caustic potash. 
NoTB voR Student. — Write the equation. 

3. By passing carbon dioxide over sodium pbenolate heated 
to 180° : — 

2 C«H,.ONa + CO, = C«H,<^*„ + C^OH. 

4. By heating phenol with teti'a-chlor-methane and alcoholic 



C^. .OH + CCI4 + 6 KOH = CaH, < 



OK 
COaK ' 



5. By saponifying the methyl salicylate found in the oil of 

wintergreen ; — 

'^•^•<m.cH. + '^««= ^•"'<ro^+ ''■•■OH- 
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Boll 30" to 40" oil of TOintergreen with moder- 
ately strong caustic potash in a flask connected with an Inverted con- 
denser. Wben it is dissolved, acidify with hydrochloric acid. Filter 
off the salicylic acid which separates, and recrystalllze flvm water. 

Bxperlment 76. Dissolve 50c to GO" phenol !n the equivalent quan- 
tity of caustic soda. Evaporate to dryness. Powder, and put the salt 
In two or tliree small, fla^bottOIn flasks. Connect these with each 
other, and pass dry carbon dioxide through them. For the purpose of 
heating them, it Is best to place them in an air-batb. Heat at flrst to 



Kg. 17, 

100°, and then gradually let the temperature rise to 180". Finally, heat 
to 220^ to 260°. After cooling, dissolve the mass In not too mnch 
water, and add hydrochloric acid. Salicylic acid wilt separate. Re- 
crjstalliie from water, with the addition of bone-black. 

Experiment 77> Make a solution of id* phenol and S0> sodium 
iiydroxide In 120™ to 140™ water. Add graduaUy 60« chloroform, 
constantly shaking the mixture. The solution changes color, and 
becomes, Anally, deep red. The flask should be arranged as showu 
in Fig. 17, to prevent loss of chloroform in consequence of the spon- 
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tftneoQB elevation of temperature. After all the rhloTororin is oaed 
up, and the action la over, boll for half au hour. Add dilnte bjdi-o- 
chloiic or Bnlpharlc acid until the nolutlon has an acid reaction. A 
thick, red-colored oil will be thrown down. Boll by passing steam 
through the liquid, an lu Exp. 67. A Uglit-eolored oil will pass over. 
This Is the aldehyde of salicylic acid, together with some unacted-npon 
phenoL Dissolve lu ether, and shake this with an oqueoas solution 
of mono-aodfum sulphite, when the aldehyde unites with the sulphite. 
Separate the ether solntion of phenol from the lower wat«r solatjon, 
and acidify the latter with hydrochloric or sulphuric acid, when sali- 
cylic aldehjde is thrown down aa an oil. Put the oil In a silver (or 
Iron) basin with 20> to 30^ caustic potash and a Uttle water, and keep 
the mass in fusion for an hour or two. By this means the aldehyde Is 
oxidised to the acid. Finally, dissolve the mass In water, acidt^r, aud 
Alter off the salicylic acid which separates. 

The action of chloroform on phenol in the presence of caustic 
soda is anali^ous to that of tetra-chlor-methane. It is repre- 
sented in this way : — 

C^.ONa + 8 NaOH + CHCl, 
^ONa , 3j^^^j ^ 2 HA 

"Diia reaction is of general application to phenols, and affords 
a very convenient method for the preparation of the phenol- 
acids. 

Salicylic acid crystallizes from hot water in fine needles. It 
melta at 155° to 156°. 

When heated, it breaks up into phenol and carbon dioxide: — 

^•^^COH ^ ^^'-^^ + ^'• 

With ferric chloride, its aqueoua solutiou gives a character- 
istic dark violet-blue color. Free salicylic acid is antiseptic, 
preventing decay and fermentation. It is therefore osed for 
preserving organic substances. 

Salicylic acid forms salts of the general formula C8H,< ; 

and, with the alkalies, compounds, in which both Uie phenol hy- 
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drc^en and the acid hydrogen are replaced by metala, as 
^i^'^nrtv' Salts of the latter order, which contain the 
metala of the alkaline earths, are decomposed by carbon 
dioxide. Salicyhc acid forms ethereal salts of the general 
formula C,H,<^ , of which methyl salicylate, CbH,<^„ „„ , 
is the best-known example. It forms, also, ether-acids of the 
general formata C,H, < ^^ u i 'md, finally, compounds of the 
general formula CjH^ < ^^ . 

A very large number of substitution-prodncts and other 
dertvatives of salicylic acid have been studied ; but they need 
not be considered here. 

That salicylic acid belongs to the ortho series, follows from 
the following facta : — 

Ortho-toluene-Bulphonic acid has been converted into ortho- 
Bulpho-benzoic acid, and this into salicylic acid. Further, the 
same toluene-aulphonic acid has been converted into ortho-toluio 
aoid, which, by oxidation, yields phthalic acid. 

OTtbo-tolneae-BDlpbonti! OrUia-iii1pbo-b«Dzo<e 

BCld. Mid. 

Folftulum ssllcyliiM. 

(4) C^.<™' +2H.0 = C,H.<CH^,„,+ NH., 

Ortbo-tolulc acid. 

(5) CJI.<^Ha ^„,-H30 =C^.<S!l,+ H^- 



" COaH(o) ^ *^ * ^ CO^(o) 

Pbttullc acid. 
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Balioylid, 0,H,o/= 03. < ' (') |, is a substance obtained 

\ CO y 

from Balicylic acid by the abstraction of water. Thia ability to 
form anhydrides is in some way connected with the ortho rela- 
tioD, as the two isomeric hydroxy-acids do not yield anhydrideB, 

NoTB FOB Studbnt. — Compare the tliree phthallc acids in this 
respect. 

Oxybenzoio acid, i ^ ^ OH _ -j^j^ 

Meta-hydrox7-benzoio acid, > COiH(n)' 

acid is made from meta-amido-benzoic and meta-sulpho-benzoic 
acid by the usual reactions. 

It crystallizes iVom water in needles united to form wart-Hke 
looking masses. It gives no color with ferric chloride. Its 
connection with meta-phthalic (isophthalic) acid and meta-xylene 
is eSected by means of the transformations tabulated on p. 297 ; 
that is to say, the same sulpho-benzoic acid which, by melting 
with caustic potash, yields oxybenzoic acid, by melting with 
sodium formate, yields isophthalic acid. Therefore oxybenzoic 
acid is a meta compound. 



Fora-ozTbenzoio acid, Xnr ^ ^^ 

pBra-hydroxy-benzoic aoid, i ' CO,H(p)* 



l}<'*<S?,H,.,- -'■•"'■ 



oxybenzoic acid is formed from the corresponding amido and 
sulpho-benzoic acids ; by treating various resins with caustic 
potash ; from aoisic acid (which see), by heating with hydriodic 
acid; by heating potassium phenolate in a current of carbon 
dioxide. 

Note fob Stijiibnt — Notice the fiict that, while sodium phenolate, 
when heated In a cnrrent of carbon dioxide, ;letds salicylic acid, 
potassium phenolate, under the same circumstances, yields paraoxy- 
henzoic acid. 

Its aldehyde is formed, together with salicylic aldehyde, by 
treating phenol with chloroform and caustic soda (see Exp. 77) . 
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The reasons for considering para-oxybenzoie acid as a Boem- 
ber of the para series are similar to those which show that 
oxybenzoie acid is a meta compound. The same eulpbo-benzoie 
acid which yields para-oxybenzoic acid, also yields terephthalic 
acid. 

toi.ioi.oid. 1^ oca ._A„i,i<, 

Para-methoxy-benzoic' acid, ' COjH(p) 

acid is formed by the oxidation of anethol, C,H,< ', a 
phenol ether contained in anise oil. It is made by heating 
para-oxybenzoic acid with caustic potash and methyl iodide. 
As the formula Indicates, it is the methyl ether of para-oxy- 
benzoic acid. 

Dl-BYDROXY-BENZOIC ACIDS, CjHaOi. 

Protooatechuic acid, OeHj { ' ^, is a frequent product 
of the ftision of organic substances with caustic potash. Thus, 
the following substances, among others, yield it: oil of cloves, 
piperic acid, catechin, gum benzoin, asaftetida, vanillin, etc. 
It is made from sulpho-oxybenzoic acid, and from eulpho-para- 
oxybenzoic acids by fusing with caustic potash. 

NoTB FOR SrCDEtT. — What analogy is there between the ftict that 
protocatechuic acid is formed irom snlpho-osjbenzolc acid and from 
sulpho-para-osjbenzoic acid, and the fact that pseudocumene Is formed 
from brom-meta-xylene and from broin-para-xylene? What conclusion 
may be drawn regarding the relations of the two hydroxy] groups, and 
the carhoxyl in protocatechuic acldf 

By distillation with lime, protocatechuic acid breaks up into 
pyrocatechin and carbon dioxide : — 

rOH 
C«Ha]0H ^n-Ti |OH 
(C03 
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rOOH, 
Vanillio scid, C^H, \ OH i is formed by oxidaUon o( 
IcOiH 
vanillin, which is the corresponding aldehyde. It ie the mono- 
methyl ether of protocatechiiic acid, 

/ f OCH,N 

VaniUin, CeH„0,[= C^-^ OH ), occurs in nature, as a 
^ I OHO ^ 

crystalline coating, on the fruit of the vanilla. It is made 

artificially by treating the ether, C,H, <', with chloroform 
and caustic soda. 

Tm-HTDROXT-BENZOIC ACIDS, C,H^j. 

Qallio aoid, C,H,oi = C^{(i^jy — Gallic acid oecors 
in sumach, and in Chinese tea, and many other plants. It is 
formed by boiling tannin or taomc acid with sulphuric acid ; by 
meltiug brom-protocatechuic acid with caustic potash : — 

C.hJ (OH), + KOH = C^\ ^^2' + ^'^ 
(cOjH ll^U^ 



It is best prepared from gall nuts by fermentation of the 
tannin contained in them. 

Gallic acid is easily soluble in water. Its solutioa gives, 
with a little ferric chloride, a blue-black precipitate, which 
dissolves in excess of ferric chloride, forming a dark green 
solution. It readily reduces metallic salts iu solution. When 
heated, it yields pyrogallol (pyrc^allic acid) and carbon di- 

C,H, { <,^^» = CJIa(OH), + CO^ 

Tannic acid, tannin, CnHmOy. — This substance occui^ 
in gall nuts, from which it is extracted in large quantities. It 
is an amorphous powder. It is mai'kedly astringent in its action 
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on the mucouB membraneB. It is soluble in water, the solution 
giving, with ferric chloride, a dark blue-black color. TanuiD is 
Hsed extensively in medicine, in dyeing, and in the manufacture 
of ink. Its relation to gallic acid is indicated by t^e following 
B,u.tioo : - ^ ^jj^_ _ ^^^^ ^ ^^ 

OiUUc Kid. Tuuiin. 

Ketones and allied Derivatives of the Benzene Sebies. 
The ketones of the benzene series are strictly analc^ous to 
those of the paraflSn series, and they are made in the same way. 
Acetone is made by distilling calcium acetate : — 



CH,.CO;0 „ 
CHafCdO 



-pj;*>CO + CaCO,. 



So, also, benzophenone or diphenyl ketone is made by distill- 
ing calcium benzoate : — 

CbHj-COjO p 1 _ CjHj p-^ , roPO 



Further, by distilling mixtures of the salts of two fatty adds, 
mixed ketones are obtained : — 

CH,.COrOMi ^ CH, ^(,Q ^ 
CsH^jCOOMl CsH, 

^^^L .. ElhyL-melhyl 

And, Bimilarty, mixed ketones containing one residne of a 
benzene hydrocarbon and one of a paraffin; or, two different 
reaidnes of benzene hydrocarbons may t>e obtained thus : — 

^^* CH,.COOM = CH, > ^** + ^^^' ' 

Phenyl .methyl ketone, 
Ptaenyl-tolrl-ketone. 

The individual ketones need not be considered. 
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QuiDONES. 

The qninones are peculiar bodies which in some ways are 
allied to the ketones. The simpleBt example of the class, and 
the one best known, is called quinojie. Its formula is C»H,Oj, 
and it therefore appears to be benzene in which two hydrogen 
atoms are replaced by two oxygen atoms. All quinones bear 
this relation to t±ie hydrocarbons, of which they may be regarded 
as derivatives. 

Quinoiie, CbH,0„ is formed by the oxidation of qainic acid, 
hydroquinone, para-diamido-benzene, aud some other benzene 
derivatives in which two substituting groups occupy the para 
position relatively to each other. 

It forms long, yellow prisms; sublimes in golden-yellow 
needles. 

Hydriodic acid reduces quinone to bydroqninone : — 

C^O, + 2 HI = C^,(OH), + 21. 

The easy transformation of hydroquinone into qninone, and 
the opposite transformation of quiuone into hydroquinone, as 
well as the formation of quinone from other para compouuds, 
force us to the conclusion that the oxygen atoms in quinoue 
are in the para position relatively to each other. Quinone 
appears, therefore, as a substance containing two carbonyl 
groups which are united by means of hydrocarbon residues, 
as indicated in the formula, — 



CJI,<^">C,H, 



I 
HC, 



A substance of this kind may be called a di-ketone, and may 
be regarded as derived from a dibasic acid in the same way that 
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a simple ketone ia derived from a monobasic acid. Thus, tbe 
calcium salt of an acid of the formula C,H, < p„^ij onght, ac- 
cording to thie view, to yield quinone by distillation ; — 

= CA < CO > *^'"" + ^ CaCOs. 



«>.<^>H 



SeTci'al quinones have been studied. Under the head of 
Anthracene, we shall meet witli aa important one called anthra- 
quinone, which has been made by such reactions as prove it to 
be a di-ketone in the sense in which this expression is explained 

Ptridink Bases, C„Hfc.,N. 
In the manufacture of bone-black, bones are subjected to dry 
distillation, when an oil passes over which is known as bone oil. 
This oil is a complex mixture of substances, several of which 
have, however, been isolated. Among the pure substances 
which have been obtained from bone oil may be mentioned 
pyridine, picoline, lutidine, aud collidine. Alt these compounds 
contain nitrogen ; and, starting with pyridine, they form a 
homolt^ouB series : — 

Pyridine C^,N. 

Picoline C^HjN. 

Lutidine C,H^. 

Collidine CgHuN. 

Pyridine, CjHsN. — Besides being formed in the distillation 
of bones, pyridine has recently been made in several ways, 
some of which enable us to form a conception in regard to 
its relations to other substances which have been considered. 
Great interest in tbe substance and its derivatives has been 
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aroused by the obHerration that eeveral of the alkaloids irbicb 
occur in nature, Buch as quinine, cinchouine, nicotine, etc., 
when oxidized, yield acids cODtaining nitrogen, which bear to 
pyridine tbe same relations that benzoic, phthalic acids, etc., 
bear to benzene. Thus, by oxidizing nicotine, nicotinic acid is 
obtained. This has the foimula C^,NOi ; and, when distilled 
with lime, it breaks up into pyridine and carbon dioxide : — 

CsH,NO, = CjHsN + CO,. 

NlcoUnlc add. Pyridine. 

This naturally leads to the conclusion that nicotinic acid is 
pyridine- carbonic acid, CjH,N.COjH, which bears to pyridine 
tbe same relation that benzoic acid bears to benzene, acetdc 
acid to marsh gas, etc. 

Pyridine is formed : — 

1. By treating Uo-amyl nitrate with phosphorus pentoxide : — 

CJIii.NOg = C^,N + 3H,0. 

2. By conducting acetylene and hydrocyanic acid together 
through a tube heated to redness : — 

2 CjHj + HCN = CJI.N. 

It is a liquid with a peculiar, sharp, characteristic odor. It 
boils at 116.7°. 

It unites with acids forming salts. 

It haa been suggested that pyi-idine is related to benzene ; 
and that it may be regarded as the hydrocarbon in which one 
of the six CH gronps is replaced by a nitr<^en atom, as repre- 
sented in the formulas 

H H 

I 1 and I I 
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Thia view haa suggested varions lines of inveatigtition. Thna, 
if the above formula really represents the relatioDS betweeu 
benzene and pyridine, it is clear that the existence of three 
isomeric mono-Bubatitution products of pyridine ought to be 
possible. Thiia, there abould be three methyl-pyn dines or 
picolinea, three pyridine-cavbonic acids, etc. The three pico- 
lines should coireapond to the formulas 

H H CH, 

y^s. ^C, C 

II II II 

Ortbo-plcolliK. Ueta-plcoUae. Pan-plooUne. 

All three picoliues are known ; and, by oxidation, they are 
converted into the three pyridine-carbonic acids, CjHjN.COjH ; 
and these, when disMed with lime, yield pyridine and carbon 
dioxide. 

The pyridine baaea unite with two, four, or six atoms of 
hydrogen. The addition -products thus formed are believed 
to exist in the alkaloids. 

Fiperidine, CjHuN, a baae found in piperine, a constituent 
of pepper, has been shown to be hexa-hydro-pyridine. 

Nicotine ia probably of aimilar structure. 

Valuable resnlts may be expected irom the further inveatiga- 
tion of pyridine and its derivatives. 

Terpbnes, C]gHis> 

In natnre, particularly in the coniferous plants, occur several 
iaomeric hydrocarbons, which are known by the common name 
tO'pene. These substances are very susceptible to the action 
of reagents, and hence undergo many changes. One of the 
most common changes is polymerisation. Thus, when a terpene 
is heated in a sealed tube, or is shaken with oonc«utr»ted sul- 
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phuric acid, or with boron fluoride and other Babstancee, it is 
converted into polymeric modifications of the formulas CuH^, 
and CmH^. The terpenes unite with hydrocliloric and hydro- 
bromiu acidB, forming compounds, CioHw-HCl and C]^u- 3 HCl. 

' Oil of turpentine, terebenthene, CioHk. — This oil is 
obtained by distilling turpentine, a resinous substance which 
exudes from incisions in the bark of vaxioue apeciea of the 
pine, larch, fir, etc., especially from the pine. The oil consists 
largely of a hydrocarbon, CioHij. The oils obtained from dif- 
ferent species of trees differ somewhat in their properties. 

Among the more interesting chemical transformations of oil 
of turpentine, the following may be mentioued : It absorbs 
oxygen from the air ; dilute nitric acid oxidizes it readily, con- 
verting it into acetic, propionic, butyric, oxalic, para-toluic, 
terephthalic acids and some other acids ; bromine and iodine 
convert it into eymene. 

Oil of turpentine is used in the manufacture of varnishes on 
account of its solvent power for resins. It is also used in 
medicine. 

The reactions above enumerated indicate cleaily that there 
is a close relation between eymene and oil of turpentine. This 
is shown by the fact that it is so readily converted into eymene, 
and that it yields para-toluic and terephthalic acids by oxida- 
tion. It has therefore been suggested that oil of turpentine is 
a hydrogen addition- product of eymene, of the formula 

CHa 

C5H, 

We know nothing in regard to the causes of the 
the different terpenea. 
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It ehonld be obeerved that the above formula furnishes no 
explanation of the fact that oil of turpentine acts like an un- 
saturated compound. 

Ten.e»ehrdroohloride,, ^^_^^^^^^,^^^ 

Artifloial oamphor, ' 



acid gas is conducted into oil of turpentine, a curious solid 
known aa artificial camphor is formed. It looks like ordinary 
camphor, and has a very similar odor. When heated alone, or 
with bases, it gives off hydrochloric acid, and a terpeue different 
from the oil of turpentine is formed. 

Cauphob. 

Bomeol, Bom&o camphor, CoHiaO. — Borneo camphor 

is a substance found in cavities in a tree {Dryobcdanops cam- 

pkora) which grows in Borneo, Simmtra, etc. It may be made 

by treating ordinary camphor with sodium : — 

2Ci3wO + 2Na = C.ArONa + CioHu,ONa. 

The relation between the two kinds of camphor is shown better 
by the equation : — 

OrdliiBry Bornsol. 

Camphor, laurinol, 0,oH,gO This is the substance ordi- 
narily called camphor. It is obtained in China and Japan from 
different species of the genus camphora of the laurus family, by 
distilling the flnely-ciit wood with water vapor. It is purified 
by sublimation. 

Camphor forms hexagonal crystals ; melts at ITS", and boils 
at 204°. It is only slightly soluble in water ; easily soluble in 
alcohol. 

Boiled with iodine, hydriodic acid gas is given off and cymene 
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ia formed. Phoepborus pentoxlde deoon^joses camphor into 
cymene and water : — 

C^«^ = Ci,Hu + H,0. 

Gunpbor. Cymfiiw. 

The same decomposition is effected by heating camphor vrith 
concentrated hydrochloric acid to 170". It will be seen that, 
aa f ar as the composition ia concerned, the difference between 
a terpene and camphor is one atom of oxygen : — 

CioHm. CioHuO. 

Tetptne. CMupbor. 

The relation between the substances is nndonbtedly a close 
one, as b sbowo by the formation of cymene from both. It is 
stated that a substance closely resembling camphor has been 
made by oxidizing the terpene known aa camphene, which is 
formed by shaking oil of turpentine with snlphuric acid. 
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CHAPTER XVI. 

DI-PHBNTL-MHTHANH, TEI-PHBNTL-MHTHANB, 

THTEA-PHBNTL-MHTHANB, AND THBIE 

DBRIVATIVB8. 

As we have seeni toluene rDny be regarded either as methyl- 
benzene or phenyl-metbane. Of course, according to all that 
IB known regarding similar Babstances, the two views are identi- 
cal. Regarding it, for our present purpose, ae phenyl-methane, 

we may write its formula thus : C J „ 



This suggests the possibilitj of the existence of s 
stances as 

I'C.H, 

Di-phenyl-metiume _ C J ^^', 

*-H 

Tri-phenyl-methane C-1 *^, 

C^. ' 

All tiiese hydrocarbons are known, and the derivatives of 
tri-phenyl-methane are of special interest and importance. 
There is one reaction by means of which these hydrocarbons 
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and Tetra-phenyl-methane C 
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can be made very readily. It has also been used for the sj-nthe- 
siB of many other hydrocarbone. It depends upon the remark- 
able fact that, vrhen a hydrocarbon is brought together with 
a compound containing chlorine, and aluminium chloride then 
added, hydrochloric acid is evolved, and union of the two 
snbstaQces is effected, the aluminium chloride not entering into 
the composition of tbe product. Thus, when benzene and 
benzyl chloride, CgH,.CH,Cl, are brought together under ordi- 
nary circumstances, no action takes place ; but, if some solid 
alumiuium chloride be added, reaction takes place in the sense 
of the following equation : — 

CJI,.CH^1 + C,H, = C^5.CH,.C.^ + Ha, 
I>l-pbaii;l-iiielbiag. 

aad di-phenyl-metbane is formed. 

Similarly, when chloroform and benzene are broaght together 
in tbe presence of aluminium chloride, tri-phenyl-methane ifi 
formed accordiug to this equation ; — 



Another method by which these hydrocarbons can be made, 
consists in heating a chloride and a hydrocarbon t«^ether in the 
presence of zinc dust. Thus, benzyl chloride and benzene give 
di-pbenyl -methane when boiled with zinc dust; and benzal 
chloride, CjH, .CHCI,, and benzene give tri-phenyl-meth&ne : — 

C,H,.CHCIa + 2 CgHs = CH(C«H,), -|- 2 HCl. 

Only tri-phenyl-metfaaue will be couaidered. 

Tri- phenyl -methane, OuH„[= OH(0,Hi),l. — This hy- 
drocarbon may be made, as above described, from benzyl 
chloride and benzene, and from chloroform and benzene. It 
may be made also fh>m benzal chloride and mercury diphenyl, 
Hg(C,H,),:- 

C^,.CHCli, -I- Hg(C»Hs), = CH(CJIj)3 + HgCl,. 
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It forms lustrous, thin laminiB, which melt at; 92°. It is 
inBoluble in water ; easily soluble ia ether ajid chloroform. It 
is crystallized liest trom alcohol. 

Towards reagents it is very stable. Thus, ordinary concec- 
trated sulphuric acid does not act upon it. r C,II^ 



That the oxidation-product is really tri-phenyl-carbinol appears 
probable, from the fact that whenever aromatic hydrocarbons 
which contain paraffin residues arc oxidized, the paraffin resi- 
dues are first attacked, while, as a role, the bcDzene residue is 
unacted upon. 

Trmitro-triphsayl- 1 o^,.(NO,).[=OH(C.HaiO.).], i, 
methane, ' 

formed by treating tri-phenyl-me thane with nitric acid ; and 
also by treating a mixture of nitro-beczene and chloroform 
with aluminium chloride : — 

CHClj + aCeHj.NO, = CH(CBH,.NO,)a + 3HC1. 
This reaction shows that in the tri-nitro product one nitro group 
is contained in each benzene residue. 

Triamido-triphenyl-tnethane, pora-leuoaQiline, 

The tri-amido compound is made by reduction of tiie tri-nitro 
compound, and also by reduction of para-rosaniline. It is 
converted into para-rosaniline by oxidation. 

AsiLiHE Dyes. 

The well-known substances included under the head of Ani- 
line Dyes are more or less simple derivatives of the two 
compounds called rosuntYme and para-rosaniline. 

When mixtures of aniline and toluidine are heated blether 
with different oxidizing agents, such as arsenic acid, stannic 
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chloride, mercuric chloride, etc., Beveral snbstancea are formed, 
tbc principal of whiuh are the two above Domed. Fara-roaani- 
line, CivII,;Ng, ia formed from para-tolnidiDe and aniline, accord- 
ing to the equation, — 

2 CgH,N + QH^ + 30 = C,sH,;Na + 3 HjO. 

AjtUlH. Toluldlne. Fin-nxulUiie. 

Rosaniline, CjoHuNj, is formed in a similar way : — 



The composition and modes of formation of the two bu1>- 
Btaacca show that rosanihae is a bomologae of para-rosauillne, 
the relation between the two substances being represented by 
the formulas CmH„N» and CuH«(CH3)N,. 

By treating para-roaaniline with a reducing agent, it ia con- 
verted into para-Ieucaniline, which has been shown to be tri- 
amido-triphenyl-methane : — OSf NH 

a »^.N, ;. IT, = c«hW= C \ p^- JJS" 1 

I^-reMml- P>™.|*Dc\ C.H,.NH,/ 

line. uilUae. V i.jj / 

We see thus that para-rosaniline and rosaniline, which are 
the fundamental compounds of the group of aniline dyes, are 
derivatives of the hydrocarbon tri-phenyl-methane. 

Para-roeaniline, CuHivN,, — The formation of this sab- 
stance by oxidation of para-lencanilinc and of a mixture of 
toluidine and aniline was mcDtioned above. It is probably 
one of the constituents of the commercial dye known aa fuch- 
sine. The relation between para-rosaniline and para-Ieucaniline 
is probably expressed by the following formulas : — 

,fC4I. rCeH,.NH, rCeH,.NH, K'^'^^' 

CH \ CjH, CH i QH^.NH, C(OH) \ C,H,.NH, C | J^""' '. 
I OB, I CbH^.NH, I CbH,.NH, ' ^-^' 
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Trtomido-UiplwDyl- '- ^" 
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According to this, para-rosaailine is an anhydride of triamido- 
triphen^l-carbinol, somewhat of the same order as oxindol, vhich 
ie an anhydride of ortho-amido^-toluic acid (see p. 293) : — 
P„ .CH,.CO.OH p„ ^CH, pf. „„ CH,.CO 

Ortlmanililo^lolnJo mM. Oilndol. 

Bosaniline, OwHi^Ng. — This is the principal constituent of 
commercial fnchslne. It is formed by oxidizing a mixture of 
aniline and toluidine : — 

C^,N + 2CHJS + SO = 0^1^, + 3H^. 

Experiment 7S> In a dry test-tube put a little di; mercmlc 
chloride and a few drops of conuDerclal aniline. Heat over a small 
flame. Dissolve tbe product In alcohol, with the addition of a little 
hydrochloric or acetic acid. Tbe beantiful colar of the solution is 
due to the presence of the hydrochloride or acetate of rosanlliue. 

On the large scale, the oxidizing agent nJed is arsenic acid. 
Care is taken to remove all arsenic add from the prodnct, but 
it is nevertheless sometimes fonnd in the products obtained in 
the market. Sosaniline crystaQizes in needles or plates. It is 
very slightly soluble in water ; more readily soluble in alcohol. 
It forms three series of salts with monobasic acids. With hy- 
drochloric acid it forms the salts CaoHisNs.HCland CjoHi^Nj.S HCl. 
The former is the substance known asfnchsine, though some of 
tbe fuchsine met with in the market is the acetate Of rosaniline, 
CjoHigKg.C^iO,. Fnchsine and the other salts of rosaniline 
dye wool and sflk directly. For dyeing cotton cloth, however, 
a mordant is necessary. 

Dyeing. Animal fibres, in general, are colored directly by 
dyes ; that is to say, they have the power of forming with the 
dyes stable compounds which adhere to thie fibres. This is not 
tme of v^;etable fibres, as cotton cloth and linen. Hence, in 
order to dye the latter, something must be added of such a 
character that, with the dye, it forms a compound which adheres 
to the fibres. Substances which act in this way are called 
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mordants. Among the stibstaaces used as mordants are alo- 
miuium acetate, ferric ocetatf, and some salts of tin. 

Experiment 78. Make a dilate solution of picric acid by dissolv- 
ing 2i to »■ in 200°° to 300" water. In a portion of it suspend a fen 
pieces of white yarn or flannel. The woollen material will tte strongly 
died yellow. In another portion suspend a piece of ordinary cotton 
cloth. And In a third portion Introduce a piece of cotton cloth wliich 
has been soaked In aluminium acetate and afterwards parlJy dried. 
The aluminium acetate may be made by treating a solntiou of sugar 
of lead with enough of a solation of alum to precipitate the lead, and 
then flltcilug off the lead sulphate. The onprepared cotton cloth, 
when removed from the picric acid solution and washed, will be f onnd 
to be only slightly coiored ; whereas, tliat piece which was soaked in 
the mordant will be round to be strongly dyed. Similar experiments 
may be made with fuchsine. 

Among the simpler aniline d^es are the following : — 

Hofniann's Violet. This is either the hydrochloric acid or 
acetic acid salt of tri-methyl-rosantline. It is made by heating 
together a salt of rosaniline, methyl iodide, methyl alcohol, and 
canstic potash. 

lodi-ne Green is the iodide of penta-metliyl-roeaniline. 

Aniline Bliie is tri-phenyl-rosaniliiie, C2jHi,(C(IIj)jNj, which is 
formed by heating salts of rosaniline with an excess of anilioe. 

pHTBALEiNS. 

In speaking of phthalie anhydride, it was stated that when 
this substance is treated with phenols, phthalelns are formed;' 
and, in speaking of rcsorcin, a markedly fluorescent body waa 
mentioned as being formed when phthalie acid and rcsorcin are 
heated together. 

Phenol-phthalein, CjoHibOj. — This substance is formed by 
treating a mixture of phenol and phthalie anyhdride with sul- 
phoric acid or some other dehydrating agent : — 

2 CgHeO + C,HA = Ca,H„0, + HjO. 

Phenol. rbtlinlic Phenol, 

uhjilrlde. pblbnleVn. 
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The fused mass is dissolved in caustic soda, and the phenol- 
phtbalci'n precipitated hy the addition of an acid. It forms a 
granular crystalline powder. Its solution in alkalies is red or 
violet, according to the thickness of the layer. Acids destroy 
the color. Hence it is used as an indicator in alkalimetry as a 
substitute for litmus. 

Phenol -phthalein, like rosaniline, is a derivative of tri-phenjl- 
methane, as has been shown by the following somewhat compU- 
cated reactions : — 

The chloride of phtbalic acid, or phthalyl chloride, CsH40jCl„ 
when treated with benzene in the presence ofalumtiiitim chloride, 
gives np its two atoms of chlorine, and in their place takes up 
two phenyl groups, thus : — 

C»H,0,Cls + 2 CsHe = CsHACCeH,), + 2 HCl. 

PbUiBlyl cUaride. Dlphenjl-pbthallde. 

The substance thus formed is known as dipkenyl-^kthalifk. 
Its conduct towards wat«r and bases is such as to show that it 
is the anhydride of an acid : — 

CsHA(C»H,), + H^ = C»EI.Os(C^), 

When this acid is reduced by means of zinc dust it loses 
oxygen : — 

And, finally, when the last product is distilled with baryta, it 
loses carbon dioxide and yields tri-phenyl-methane : — 

• c,hJcoji ^cnfciil + co. 

We have thus passed from phthalie anhydride to tri-phenyl- 
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methane, and the reactions just referred to are in all probability 
correctly repreaented by tiie following f ormnlaa and equations : — 
f C^. f C.H. 

1 '•OH 

blp)i*tivLt«lb*lld«, or m- TrtplwDrl-urblBDl- 

hf drld« of Uipheoyt-cv- carbonic idd' 

blnol-carbonlc Held. 

C,H. 
'■OH 




TH-phpnyl-methuia. 

Kow, by making dinitro-diphenyl-pbthalide, redacing it, and 
boiling the diazo compound with water, the product is phenol- 
phthalein. Hence, the latter compound appears to be the di- 
hydroxy deriTative of diphenyl-phthalide : — 

(C^, ( CflH^ . NH, r C^ .OH 
C»H, f, J C^ . NH, „ J CjH, .OH 
CH^.CO I C,H,.CO 1 Cai4-CO 
O ! U 1 ^O 1 

Pbenol.pbtbilslii. 

The formula for phenol -phthalein may also be written thua : — 

C.H,.OH (^ CjH, ^,Q 

Cfl^.OH O ' 

the curious arrangement of the carbonyl group being simply the 

sign of the anhydride condition between carboxyl and hyijroxyl, 

of which the simplest expression is 

OTT <^ 

«<C0OH = ''<^+«'°- 
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Note for Student. — Although the reactions above briefly de- 
scribed maj at first sight appear to be difficult to comprehend, thej 
are in reality simple enough. The student is earnestly recommended 
not to slight them on account of the long names and complex formulas 
involved. They afford an excellent exampio of the methods upon 
which ne rely, for determlMng the nature of complex substances. 
Notice that all appears dark nnttl the well-hnown substance trl-phcnyl- 
methane is obti^ned, vrtalch suggests that all the substances are deriva- 
tives of this fundamental hydrocarbon; and how easily, when this 
conception has once been formed, the interpretation of all the reactions 
follows. 

Among the other phthaleina which deserve special mention is 
that which is formed with reeorcin. 



Fluorescein, resorcin-phthaleln, 0»Hj,Oj, — This beau- 
tiful substance is formed by simply heating together resorcin 

and phthalic anhydride ; — 

2C6H^(OH)j + CsHA = CsoHuO. + 2HjO. 

Its solutions in alkalies are wonderfully fluorescent. The sub- 
stance, which is Bold under the oame " uranm" for the purpose 
of exhibiting the phenomenon of fluorescence, is an alkaline salt 
of flnorescel!n. 

The reaction which takes place between resorcin and phthalic 
anhydride, when fluorescein is formed, is of the same kind as 
that which tabes place between phenol and the anhydride to 
form phenol-phtlialein. We would therefore expect to flnd that 
fluorescem is expressed by the formula 

{PTT (OH 
*^^^noH 
*^M0H 
C8H..C0 
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which shows ita aDa]<^ to phenol-phthalein, 

CsH..OH 
C.H,.OH 
C^,.CO 
O ' 

It is found, however, that in realitj fluoresoein correspoads to 
the above formula Use one molecule of water ; and it is believed 
t^at the wat«r is given off as represented thus : — 



U * nOH = C^HuO,. 
CJI^.CO 

to 1 



Bosin, tetro-broni-fluordsceln, 0i(HgBr,O„ is formed by 
treating fluorescein with bromine. Its dilute solutions have an 
exquisite, delicate pink color which su^este a color often seen 
in the sky at the dawn of day. Hence the name eosm, from 
1^, dawn. It is fluorescent, and is used as a dye. 
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CHAPTER XVir. 
HYDROCARBONS, 0»Hi.-s, AND DERIVATIVES. 

The hydrocarbons thns far considered are of three claeses. 
They are: (1) paraffins, or saturated hydrocarbons of the 
marsh-gas series ; (2) unsaturated hydrocarbons related to 
the paraffins ; and (3) hydrocarbons which contain residues 
of the saturated paraffins and of benzene. 

We DOW pass to a brief consideration of a hydrocarbon which 
is made up of a residue of benzene and of an unsaturated par- 
affin. It bears to ethylene the same relation that toluene bears 
to marsh gas ; that is to say, it is pbeuyl-etbylene. 

Styrene, phenyl-ethylene, OaHe(= OjHs.OH.OH,). — This 
hydrocarbon is contained in liquid storax, — a fragrant, honey- 
like substance which exudes from various plants, aa the liquid- 
amber. It is formed by distilling cinnamic acid with lime : — 
C,HgO, = CgHj + CDs. 

NoTK FOR Stodbnt. — What does this reaction snggest with regard 
to the relation between ctnnamlc acid and styrene? 

It is also formed from phenyl-ethane, CgHj.CjHa, in the same 
way that ethylene is formed from ethane : — 

( C,H, + Brj = CjH^r 4- HBr 

1 CJI^r -I- KOH = C,Hi + KBr -<- H,0 ' 

C,H,.C,H, + Br, = C,Ha.C,H,Br + HBr; 
Cyij.CH^Br + KOH = CaHi-C^j -|- KBr + H^. 
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Ite formation by heating acetylene was mentdoDed on p. 

^^^'■^ 4 Cft = CgHg. 

NoTZ FOR Stddbnt. — Wliat other polymeric product Is obtained 
by heaUog acetylene? 

Styrene is a liqnid of an aromatic odor ; boils at 144° to 
144.5°; insoluble in water ; mieoible with ether and alcohol in 
all pioportioDS. 

WLen heated alone up to 800% or even when allowed to stand 
at ordinary temperatores, it is conrerted into a polymeric modi- 
fication, called meta-styrene, which is a solid. This same change 
[s readily effected by several reagents, snch as iodine and con- 
centrated sulphuric acid. Styrene unites directly with chlorine 
and bromine in the same way that ethylene does (see p. 212) : — 

C^.C^ + Br, = C(H,.C,HjBri,. 

Chromic acid and other oxidizing agents convert stiTene into 
benzoic acid (see remarks, p. 246). Some higher members of 
this series have been prepared, such as phenyl-jnvpyletiie, phenyl- 
bult/lene, etc.; but at present they are not of sufficient import- 
ance to make their consideration necessary. 

Styrene is closely related to cinnamic acid, from which the 
luteTesting and important compounds of the indigo group are 
obtained. 

Styryl alcohol, 0^,8O(= O^.CH.CH.CH,OH). — Thin 
alcohol occurs in nature in the form of an ethereal salt of cin- 
namic acid in liquid storax, and also in b^am of Peru. It 
forms long, thin needles, which melt at 33°. It boils at 
250°. It takes np hydrogen, and yields phenyl-propyl alcohol, 
CaHj.CHj.CHj.CH^H (see p. 281) : — 

C^.CH.CH.CHjOH -f Hj = C,Hj.CH,.CH,.CH,OH. 

By treatment with hydriodic acid it yields allyl-benzene 
(phenyl-propylene), C,H, .CH .CH .CH3, and toluene. 
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When oxidized with platinum black it is. converted into the 
corresponding aldehyde, cinnamic aldehyde ; .and, by further 
oxidation, into cinnamic acid. The relations hetween the three 
Bubstances are the familiar ones of a primary alcohol, and the 
corresponding aldehyde and acid : — 



C^,.CH.CH.CO,H. 

These compounds are simply the phenyl derivatives of allyl 
alcohol, acrolein, and acrylic acid : — 

CHj.CH .CH2OH. CH, .CH .CHO. CH, .CH .COjH. 

All;l alcohol. AcroleVn or Acrylic uid. 

acrylic Hldebf de. 

am.™Icaold, jo^o.(.CA.OH.OH,003). 

Phenyl-acrylic aoid, ' 
Cinnamic acid is found in liquid storax,"pai-tly in the free con- 
dition, and partiy in the form of an ethereal aalt in combination 
with Btyryl alcohol, as styryl ciuiiamate, in the balsams of Tolu 
and Peru, It may be made synthetically : — 

1 . By heating together benzoic aldehyde and acetyl chloride : — 

C»H..COH + CHj.COCl = CaHs.(Va,.COiH + HCl. 

This reaction wiU be better understood by writing it in two 



The kind of action represented in equation (1) is not nn- 
eonunon. We have already met with it in the formation of 
mesitylene from acetone (see p. 248), in which case two hydro- 
gens from each of three methyl groups unite with an oxygen 
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atom from each of the three carbonyl groaps. The prodae 
ia called a condensation-product, and the action is known a: 
condeneatioD. 

2. By heating together benzoic aldehyde and acetic anhy 
dride: — 

C^i.COH + (C,H,0)^ = (yi,.C^,.CO^ + C,HA- 

It is probable that the action between benzoic aldehyde anc 
acetic anhydride is of the same kind as that between the alde- 
hyde and acetyl chloride. 

8. By treating benzal chloride with sodium acetate : — 
CJI,.CHi"ci,i + cfn^iH .COjNa = C«H,.CH .CH .COjNa + 2 HQ 
C^j.CH.CH.COiiNa + HCl = CeH..CH.CH.CO,H + NaQ. 

The acid is now manufactured on the large scale by this last 
method. 

Cinnamic acid is a solid which crystallizes in moDocliiu( 
prisms. It melts at 133°, and boils at 300° to 304°. It ii 
easily broken up into etyrene and carbon dioxide : — 

C»H..CH.CH.CO,H = CeHj.CH.CH, + CO,. 

Oxidizing agents conrert it first into benzoic aldehyde anc 

then into benzoic acid. Nascent hydrogen converts it intc 
hydro-cinnamic or phenyl- propionic acid, CbH, .CHs .CIIj .COjB 
(p. 293), It unites with hydrochloric, hydrobromic, and hydri' 
odic acids : — 



Treated with substituting agents, such as nitric acid, etc., i1 
yields substitution- products in which the entering atoms oi 
groups are contained in the benzene residue, in the ortho anij 
para positions relatively to the acrylic acid residue, C,H,.CO,H, 
Bromine yields the addition-product CsH,.CaHjBrj.COjH. 
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Nitro-oinnamic acids, C,H,{^^'*^'-*'^. — The orflio- 
and para-acids are formed by diBBolving cianamie acid in nitric 
acid. 

NOTB FOR Student. — What are the products when tolaene la 
treated with nitric acid? When beozoic acid Is treated in the same 
way? To which case Is the above analogous? 

Armdo-cinnamio acids, 0)H, I „^ ■ ^ . — These acids 
are formed by treating the nitro-acids with reducing ageuts. 
The ortho-acid loses water when set free from its salts, and 
forms the anhydride carbostyril, C^ < ,.' ' ^ C.OH, analogous 
to hjdro-carbostyrU (p. 294). 

Ooumarin. O^.o/^OiHij?'^?*^)- is a compound found 
in Tonka beans, and in some other plant-substances. It has 
been made synthetically from salicyUc aldehyde and acetic anhy- 
dride, just as cinnamic acid is made from benzoic aldehyde and 
acetic anhydride. The fliat product of this action is probably 
ortho-hydros^'Cinnamic add, or coumaric acid, C^,| r" '' , 

which then loses water, yielding the anhydride or coumarin. 
Conmarin has a pleasant odor, like that of Tanillin, and is. used 
for flavoring. Treated with bases, it yields salts of coumaric 



D,gn,-.rihyGOOglC 



CHAPTER XVni. 

PHBNTL-AOBTYLBNB AND DBMVATIVES. 

Phenyl-acetrlendf aoetenrl-beneene, CHfO.OH, bears 
to acetylene the aame relation that atjrene, or phenyl-ethylene, 
bears to ethylene. It is made from styrene in the same way 
that acetj'lene is made from ethylene ; — 

(1) C,H« + Br, = CjH^r,; 

(2) CABr, + 2 KOH = CJI, + 2 KBr + 2 BJO. 
C3i -C,Hs + Br, = C.H, .CiHsBr, ; 
C,H,.C,H^r, + 2 KOH == C.Hs.CJI + 2 KBr + 2 H,0. 

Fb«ii}'1-Boet7leue. 

It is a liquid which boils at 139° to 140°. It nnites directly with 
four atoms of bromine, forms metallic derivaliTeB, and, in gen- 
eral, condncte itself like acetylene (which see). 

Phenyl-proplolic aoid, 03.0t(= 0»Hs .0.0.CO,H) This 

acid is a carboxyl derivative of phenyl-acetylene, bearing to it 
the same relation that cinnamic acid bears to phenyl-ethylene. 
It is made from cinnamic acid, by treating brom-cinnamic acid, 
CgH, . CjHBr . COsH, with alcoholic potiiah : — 

CeH,.CjHBr.COiH = C^j.C..CO»H + HBr. 

It forms long needles, which melt at 136° to 137°. When 
heated with water, it breaks up into carbon dioxide and 
pheny 1-acety lene . 

Ortho-nitro-phenyl-propiolio acid, ^t^ljijcv/V > is 
made from ortho-nitro-cinnamic acid, in the same way tbat 
pheny l-propiolic acid is made from cinnamic add (see pre- 
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ceding paragraph). It is of special interest, for the reason 
that it can easily be transformed into indigo. The trans- 
formaldCHt is most readily effected by boiling it with alkalies 
and grape sngar, or some other mild reducing-agent. The 
reaction is represented by the following equation : — 

2 CA I ^' • ^'^'^ + H^ = C^^A + 2 CO, + 2 H,0. 

Onho-nllro.plioiiyl. 
proploUc add. 

The acid is at present manufactured on the targe scale, for 
the purpose of making indigo. 

Indioo and Allied Compounds. 

Id Bcveral plants, Indigo/era tinctoria, Isatis tinctoria, etc., 
there occurs a glucoside called indican, which, under the influ- 
ence of dilute mineral acids and certain ferments, breaks up, 
yielding indigo-blue and a substance resembling the glucoses. 
The indigo of commerce is prepared in the East and West 
Indies, in South America, Egypt, and other warm countries. 
At the proper st^e the plants are cut off down to the ground, 
put in a large tank, and covered with water. Fermentation 
takes place, the indican breaking up and yielding indigo, as 
above stated. The liquid becomes green, and then blue. 
When the fermentation Is finished, the liquid is drawn off 
into a second tank. This liquid contains the coloring- matter 
in solution. In contact with the air it is oxidized, forming 
indigo, which, being insoluble, is thrown down. In order to 
facilitate the precipitetion of the indigo, the liquid is thoroughly 
starred. Finally, the liquid is drawn off, the precipitated indigo 
pressed and dried, and then sent into the market. 

The substance prepared as above has a dark-blue color. It 
contains other coloring-matters besides indigo-blue. Its value 
depends upon the amount of the definite compound, indigo-blue, 
which it contains. 
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Indigo-blue, indigotin, CuHi,N,0,. — Indigo-blae is ob- 
tained from comniercial indigo b; reducing it to indigo-wbite, 
and then e^cposing the clear colorless solution to the air, when 
indigo-blue is precipitated. 

Kxporlmeitt 80. Into a test-tabe put a small qnantlt; of powdered 
indigo; add flue zinc flllDgs or zinc dust and caustic soda. Wben the 
mixture Is beatud the Indigo forms a colorless solution. When this 
result baa been reached, poor some of the solution Into a small evapo- 
raticg-dtBh. Contact with the air colors It blue. 

ladigo-blue ma; be made artiflciallj by a number of methods, 
among which the two following are the principal ones : — 

1. By boiling ortho-nitro-phenyl-propiolic acid (which see) 
with an alkali and grape sugar : — 

2 C^ I SV.^*^^ -t- i H = Ci^aN A + 2 HjO + 2 CO,. 
(. NO,(o) 

2. By heating isatine (which sec) with phosphoros trichlo- 
ride, phosphorus and acetyl chloride. 

Withont going into the mechanism of these reactions, we see 
that there are two general ways of obtaining indigo artificially. 
The first starts from cinnamic acid, which is successively con- 
verted into ortho-nitro-cinnamic acid and ortho-nitro-phenyl- 
propiolic acid ; the second starts trom benzoic acid, which is 
converted into ortho-nitro- and ortho-amido-benzoic acids. The 
tatter is then converted snccessively into the chloride, cyanide, 
and corresponding acid, the anhydride of which is isatuie. For 
fuller details of the reactions involved in tbe formation of ortho- 
nitro-phenyl-propiolic acid, see p. 328 ; and for similar details 
in regard to isatine, see p. 289. As lias been stat«d, indigo is 
now manufactured on the lai^e scale by the first of the two 
methods albove given. 

Indigo-blue crystallizes from aniline in dark-blue crystals. 
It sublimes in rhombic crystals. Its vapor has a purple'red 
color. It is insoluble in water, alcohol, and ether ; soluble in 
aniline and chloroform. Oxidizing agents convert it into isa- 
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tine (wliicb see). Heated with solid caustic potash, it yields 
carbon dioxide and aniline ; boiled with a solntioa of caustic 
potash and finelj-powdered black oxide of manganese, it is 
converted into ortho-amido-benzoic acid (anthranilic acid) (see 
p. 289). 

A great man; compounds related to indigo have been made, 
of late years, incidentally to the study of its chemical condnct. 
The synthesis of indigo has been effected, as a result of this 
study. The work undci'taken was suggested by the few funda- 
mental facts, above stated, that indigo when decomposed readily 
yields aniline and ortho-amido-benzoic acid. The question 
which investigators have endeavored to answer is, What relo^ 
tiona do indigo-blue and the compounds allied to it bear to 
ortho-amido-benzoic acid? Although, as far as indigo-blue is 
concerned, this has proved to be a difficult question, to which a 
definite answer is still lacking, as far as some of the simpler 
derivatives are concerned it has been answered. Two of these, 
oxindol and isatinc, have been considered in connection with 
the simpler compounds, to which they are most closely related. 
A few others will here be mentioned. 

IndiBo-white, CnHuNsOi, is formed by reduction of indigo- 
blue, as above described. Ite solutions rapidly turn bine in the 
air, in consequence of the formation of indigo-blue. 

When indigo is oxidized with nitric acid, isatine, CgH^Og, 
i. formed:- c^ j,,o. + O, = 2 C.H.NO,. 
When isatine is treated with sodium amalgam, it takes up 
hydrogen, and yields dioxindol, CsHrNOg: — 



By ftirther reduction, dioxindol loses an atom of oxygen, yield- 
ing oxindol, CgHjNO : — 
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The relations between oxindol and isatine cannot readily be 
made clear without a careful Btnd; of some very complex re- 
actions. 

It would also lead too far and be unprofitable to discoss here 
the constitution of iudigo-blue itself. Suffice it to say, that 
it has been shown to consist of a doubled group very similar 
to that of oxindol. 
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CHAPTER XIX. 

HTDBOOABBOKS CONTAINING TWO BENZENE 
RESIDUES IN DIRECT COMBINATION. 

Jnsi OS the marBh-gas residue, methyl, CHg, unites with methyi 

CH, 
to fotm ethane, i , so the benzene residue, phenyl, CgHj, 

CH, C.H. 

unites with phenyl to form the hydrocarbon, diphenyl, I , and 

similar residnes of toluene, and the higher members of the aeries 
unite in a similar way to form homologues of diphenyl. 

Diphenyl, 0,iH„(= C3s .0^). —This hydrocarbon is made 
by treating brom-iienzene with sodium : — 

2 C^,Br + 2 Na = C^H^ + 2 NaBr ; 

and by conducting benzene through & tube heated to redness : — 

2C»Hs= CuH„ + H^ 

It forms large, lustrous plates. It melts at 70.i>°, and boils 
at 254°. It is easily soluble in hot alcohol and ether. 

Diphenyl is an extremely stable substance. It resists the 
action of ordinary oxidizing agents, but with strong ones it 
yields benzoic acid. A large number of derivatives of diphenyl 
have been studied. A cnrious one, known as carbcaol, occurs 
in coal tar. This has been shown to be a snbstituted ammonia 
containing a residue of diphenyl. It is properly designated by 
the name diphenyl-imide, and is represented by the formula 
C,H, 
I > NH. It has been made synthetically by passing the vapor 

of diphenyl amine, NH i ' \ through a red-hot tube, a reaction 
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taking place which is analogous to that mentioned above as 
taking place when benzene is treated in the same way, the 
product in the latter ca^e being diphenyl. 

Naphthalene, CmHs. — While the relations of diphenyl to 
benzene are clearly shown by its simple synthesis from brom- 
t>enzene, the relations of naphthalene to benzene have been 
discovered through a careful study of its chemical conduct. 
The facts can be best interpreted by assuming that the molecule 
of naphthalene is formed by the union of two benzene residues 
in such a way that they have two cai-bon atoms in conmion, as 
represented in the formulas • 

HC-CH-C-CH-CH HC^ ^C^ ^CH 

I I I and I I I ■ 

HC-CH-C-CH-CH HC^ /C^ /CH 

H H 

How this conception was formed will he shown below, after 
the properties and the reactions of naphthalene shall have been 
considered. 

Naphtiialene is a freqaent product of the heating of organic 
Bnbstances. Thus, it is formed by passing the vapors of alco- 
hol, ether, acetic acid, volatile oik, petroleum, benzene, toluene, 
etc., through red-hot tubes ; and, also, by treating ethylene and 
acetylene in the same way. It is therefore found in coal tar, 
and is sometimes foand in gas-pipes used for gas made by 
heating naphtha, gasoline, etc., to high temperatures. Tt has 
been made synthetically by conducting phenyl-hutylene bromide 
over h^hly-heated lime : — 

C.H(.C,H,Br5 = C^Hi.Cj-CH. -H H, H- 2HBr; 
and by conducting isobutyl-benzene over lead oxide : — 
CeHs.C,H9 + O3 = C.H,.Cj.C,H4 + 3 H,0. 

Neither of these reactions, however, is of much assistance 
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in enabling us to form a conceptloD in regard to the nature of 
naphthalene. 

Naphthalene is prepared on the large scale from those por- 
tions of coal tar which boil between 180° to 220°. This material 
U treated with canstic soda, and then with sulphuric acid, and 
distilled with water vapor. 

It forma colorless, lustrous, monoclinic plates. It melts at 
79.2°, and boils at 216.6°. It has a pleasant odor; is volatile 
with water vapor, and sublimes readily. It is soluble in water ; 
easily soluble in boiling alcohol, from which it may be crystal- 
lized. Oxidizing agents convert it into phthalic acid (see 
Exp. 74). 

The ease with which naphthalene yields phthalic acid, sug- 
gests that the hydrocarbon is probably a di-derivative of benzene 
containing two hydrocarbon residues ; such, for example, as is 

represented by the formula C,H, | '?". Such a substance, how- 
ever, contains unsaturated paraffin residues, and hence ought 
readily to take up bromine, hydrobromic acid, etc. Bromine 
and chlorine are indeed taken up easily, but the products thus 
obtained act rather like the addition-products of benzene than 
the addition-products of the unsaturated paraffins. They break 
up readily, and yield stable substitution- products of naphtha- 
lene ; and, further, the first product of the action of bromine 
on naphthalene is not an addition-product, but mono-brom- 
naphthalene, CioH^Br, a fact which shows that substitution takes 
place more easily with naphthalene than addition. We have 
seen that a hydrocarbon containing a benzene residue and an 
unsaturated paraffin residue, as, for example, styrene or phenyl- 
ethylene, CoHj.CjHj, and phenyl-aoetylene, CgHs.CjHi when 
treated with bromine or hydrobromic acid, takes them up as 
readily as ethylene and acetylene, and this action takes place 
before substitution. According to this, naphthalene ought to 
take up bromine with avidity before substitution of its hydr<^en 
takes place. 
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The formnia CfH^ I * ' and aimilar ones being thns rendered 

extremely improbable, Uie next thought that suggests itseU is 
that the two gronps CjH, may be united, as represented in the 
(CH.CH 

?ch.ch' 

are united to two carbon atoms of the benzene residue which 
are in the ortho relation to each other, we may write this same 
formula thus : — 



or, what is the same thing, - 



H H 



CH 



I I I 

HO V / ^ \ / CH 

c c 

H H 

This formnia represents naphthalene as made up of two 
benzene residues united in such a way that they have two 
carbon atoms in conunon. Tliis, as has been stated, repre- 
sente the hypothesis at present beld in regard to the nature of 
naphthalene. 

As regards the assumption that the two residues are united 
through carbon atoms which are in the ortho position relatively 
to each other, it should be said that this assumption is made 
because phthalic acid is the product of oxi'dation ; and t^e facts 
already considered have shown us that terephtiialic acid must 
be represented by the formula 
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COjH 

1 I 

and isopbthalic acid b; 

GOjH 

I I 

HC. /CCO,H 



and hence, in terms of the accepted hypothesis, the third pos- 
sible formula must be given to phthalic acid; viz., — 

H 

HC^ ^C.COjH 

I I 

H 

Are there any facts besides the few above mentioned which 
make the hypothesis appear probable ? 

There is an ingenious and interesting line of reasoning which 
appeal's to show that the fundamental notion involved in the 
above formula for naphthalene is true. ThiB fundamental notion 
is that the hydrocarbon consists of two benzene residues which 
have two carbon atoms in common. The facta which lead to 
this conclusion are the following : — 

When nitro-naphthalcne is oxidized it yields nitro-phthalic 
acid. This shows that the nitro group is contained in a 
benzeae residue; and we may represent it by the formula 
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CfHi.KO, I ' *, the oxidation taking place aa indicated thus:- 



C^.NO,j^'{J' + 90=CANO,j™^+Hp + 2CO,. 

B; reducing tliis same nitro-naphthalene, amido-naphthaleoe 
is obtained; and, when this is oxidized, phtbalic acid ia 
formed : — 

C^. I S'^^' + 9 = CJI. { ^^ + SCO. + HNO,. 

These two reactions ehow (1) that the part of nitro-napbtfaa- 
lene in which the oitro group ia situated is a benzeae residue ; 
(2) that there is another tienzene residue in the compoond into 
which the nitro group has not entered. 

It has been noticed, also, that by oxidation of a naphthalene- 
aulphonic acid, I>oth sulpho-phthalic and phthalic acid itself are 
obtained. 

- It foUows, from these facts, that naphthalene is made up of 
two benzene residues, and the only way in which a hydrocarbon 
of the formnla Ck^b can be thus made up, is by having two 
carbon atoms common to the two residues, as represented in 
the formnla already given. It cannot be made up thus : — 
H U 



HC^ 


^ch/^ 


CH 


E 


H 


1 
CH 


HC^ 


H 


CH 


HC, _ 


.oa _, 


CH 



for neither of these formulas expresses the fundamental idea of 
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the presence of two benzene residues in tlie same molecule. 
Tlie only formula which expresses this idea in terms of the 
commonly accepted hypothesia for benzene is 



HC^ ^C^ ^CH 

{ I I 

B0\ y^\ /CH 

H H 

The proof just given for this formula is independent of any 
notions regarding the ortho, meta, and para relatione in 
benzene. As pbthalic acid is the product of oxidation, it 
follows that the carboxyl groups in the acid must bear to each 
other the relation expressed by the formula 



HC-^ ^C-CO,H 

I I 

HC. /C-COi^ 

H 
and, therefore, that in all ortho compounds the substituting 
groups bear this same relation to each other. Hence, by start- 
ing with the notion that the above formula represents phthalic 
acid, — and to this notion, it must tie remembered, we are led 
independently of any facts connected with the formation of the 
acid from naphthalene, — the accepted formula of naphthalene 
follows naturally. And, on the ofber hand, we are led, by & 
study of naphthalene itself, to the accepted formula, and from 
this the above formula for phthalic acid follows. 

Derivatives of Naphthalene. 

An interesting fact which has been discovered by a study of 

the mono-suhstdtution products of naphthalene is this, — that 

two, and only two, varieties are known. There ia an a- and 
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a yS-chlor-n&phthalene, an a- and a /3-broin-naphthalene, etc., 
etc. Thia fact is quite in harmony with the views held 
regarding the constitution of naphthalene, as will readily be 
seen by examining the formula somewhat more in detail. 
We Bee that thei'e are two, and only two, kinds of relataons 
which the hydrogen atomB bear to the molecule; all those 
marked with an a being of one kind, and all those marked 
with a /3 being of another kind : — 

aH aH 

I I I 

C C 

aH aH 

Here, again, a problem presents itself like that which was 
considered in connection with the bi-subetitution products of 
benzene. Our theory gave us three formulas, and tbree com- 
pounds are known. The problem was, to determine which 
formula to assign to each compound. Here we have two 
formulas for two brom -naphthalenes and other mono-substi- 
tution products of naphthalene, and we actually have two 
compounds; and the queBtion arises, which of the two 
formulas must we assign to a given compound? The 
method adopted is simple, and can be explained iu a few 
words. That nitro derivative of naphthalene which is known 
as a-nitro- naphthalene yields nitro-phtbalic acid by oxida- 
tion j and the relation of the nitro group to the carboxyl 
groups, in this acid, has been determined. It is expressed 
by the formula 

I I 

HC, ,C-CO^ 
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NAPHTHOL. 
while the formnla of the other nitro-phthalic acid is 



NO,C^ ^C-COjH 
i 1 

HC. .C-CO»H 

H 

Formalan. 

Ab a-nitro-naphthalene yields the acid of formula I., it fol- 
lows that in it the nitro group must occupy the position of one 
of the hjdrc^en atoms marked a in the above formula for naph- 
thaleoe. Those substitution-products of naphthalene which 
belong to the same series as a-nitro-naphthalene are called a 
derivativea. In the j8 compounds the substituting group or 
atom must occupy the place of one of the hydrogen atoms 
marked J3. 

Among the derivatives of naphthalene are the following ; — 

Kaphtholio acid, CioH, . CO,H, which bears to naphthalene 
the same relation that benzoic acid bears to benzene. 

d-Naphthol, 0,oH, .OH. — This compound is made from naph- 
thalene in the same way that phenol ia made from benzene : — 

1. By treating a-naphthyl-amine, CigHj.NHs, with nitrous 
acid. 

Sorm FOR Bttjdbnt. — Write the eqaatlong. 

2, By melting a-naphthalene-snlphonic acid with caustic 
potash. 

NoTB FOB Studxnt. — Write the equation. 

a-Xapbthol is a solid which melts at 96°. It has an odor 
somewhat resembling that of phenol. Its general chemical 
conduct is much like that of phenol. Toward oxidizing 
agents, however, its action is peculiar. Thus, when boiled 
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with potaeslnin chlorate and hydrochloric acid, a di-chlorine 
substitution-product is fonned ; and at the same time a 
second oxygen atom enters, and the product lias the char- 
acteristics of the qutnones (which see). It is di-chlor- 
naphtho-quinone. It will be remembered that ordinary 
quinone is formed by the oxidation of hydro-qninone, a di- 
hydroxyl derivative. 

Some of the substitution-products of naphthol are used as 
dyes; as, for example, dimtro-napJuhol, C,„Hj(NOi)jOH, 
which is known as Marlins's Yellow ; dinitro-naphthol- 
mlpkonic acid, Ck,H,(N0,)i(SO3H).OH, the potassium salt 
of which, KsCioHiNjSO,, la Ifnown as Napkthol Yellow S. 
With diazo compounds, naplithol has a remarkable power of 
combination; and a great many derivatives containing resi- 
does of diazo compounds, aud of naphthol or its substitution- 
products, have been made, and some of them have found 
application as dyes. The simplest compound of this kind is 
formed by bringing together naphthol and diazo-benzene 
nitrat« : — 
C»Ht.OH -I- C»H,-N,-NO, = C,„HsIq^~^'^ + HNO,. 

It is called naphtkc^-diazo-benzene. The dye known as Pair- 
rier's Orange II. is a sulphonic acid of naphthol-diazo-benzene, 
and is probably formed by treating diazo-benzene-sulphonic acid 
with naphthol. 

Naphtho-quinone, CioH^Oi- — This compound is obtained 
by oxidizing naphthalene with chromic acid; also by oxidiz- 
ing a-amtdo-a-naphthol and other di-substitution products of 
naphthalene iu which the two substituting groaps are in the 
para position relatively to each other. It beai« to naphthalene 
the same relation that ordinary quinone bears to benzene ; that 
is, it is naphthalene in which two hydrogen atoms are replaced 
by two oxygen atoms. 

It forms yellow needles, which melt at 125°. Like ordinary 
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quinoDe, it is volatile with water vapor. Hydriodic acid con- 
verte it into hydro^naphtho-quinone : — 

CioHA + H, = C10H4OH),. 

NoTK FOR Stubisbt. — Compare with the action of reducing agents 
on ordinar; qninone. 



known by the name napfithaearin, on account of its resem- 
blance to alizarin (which see). 

Two homologues of naphthalene — methyl- and ethyl-naph- 
thalene — have been prepared. jS-Methyl- naphthalene has been 
found in coal tar. 

Q0IKOLIHE AND AnALOQODS COMPOTINDS. 

It has been stated, that, by distilling quinine and cinchonine 
with caustic potash, pyridine and some of its homologues are 
obtained. At the same time a base belonging to another series 
is formed, together with some of its homolt^ues. This base is 
known as quinoUne, to suggest its formation from quinine. It 
has the composition expressed by the formula CjHrN, The next 
two homologues of quinoline are lepidine, CioH^N, and dispo- 
line, CjiHiiN. Three bases, isomeric with the three named, 
have been found in coal tar. These are known as leucoline, 
iridoline, and cryptidine. We thus have the two series : — 



Quinoline . . . C^H^N . . . Leucoline. 
Lepidine . . . CuHgN . . . Iridoline. 
Dispoliue . . . CuHuN • • . Cryptidine. 



Quinoline, CjHjN. — Quinoline is formed by the distillation 
of qainine, cinchonine, or strychnine, with caustic potash. It 
is formed from certain derivatives of benzene. 
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1. By passing allyl-suiline over heated lead-oxide : — 

CeH..NH.CsH. = C»H,N + 4H. 

2. Bybeatingtogethergljcerin, aniline, and nitro-benzeDe : — 

(1) CeH,.NOj + CjHA = Cyi^N + 3 H^ + O,; 

(2) C^,NH, + CaHA = CsH,N + 3H^ + H,; 

(3) 2C«H^H, + CeH,NO, + 3C^A= 3C»H,N + llHfi. 
S. From chlor-quinoline : — 

C»HeClN + 2 H = C»H,N + HCl. 

The last method is the most suggestive, as it leads to a defi- 
nite view in regard to the relation between qninoline and ben- 
zene. Chlor-quinoline is made by treating carbostyril with 
phosphoms pentachloride. Carbostyril is the anhydride of 
ortho-anudo-cinnamic aeid, C,Hj< ' ' ^ C.OH, which may also 

be written thus : — , 

H H 

HC^ ^C^ ^CH 

I I I 

HC\ /C. ,COH 

H 

The phosphorus pentachloride probably substitutes chlorine 
for the liydroxyl, forming chlor-quinoline. According to this, 
qninoline itself should be represented by the formula 

H H 

HC-^ ^C^ ^CH 

i I I 

HCv /^--v xv/H 



Quinoline is thug regarded as formed from the union of a 
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residue of benzene and a residue of pyridine, in the same way 
that naphthalene is believed to be formed from two residues of 
benzene. The formula suggests the existence of two isomeric 
qninolines, in one of which the nitrogen is in the a position, as 
represented in the above formula, while in tbe other it is in 
the fi position. The bases fh>m the alkaloids belong to the 
a series ; tlioBe from coat tor belong to the series. 

Quinoline is a liquid which boils at 237°. Potassium perman- 
ganate converts it partially into cinchomeronic acid, CiHjNO,. 
This is & pyridine-dicarbomG acid, CjHgN (COjH),. The for- 
mation of this acid is analc^ous to that of phthalic acid formed 
by oxidizing naphthalene. 

Quinoline readily takes up hydrogen, forming hydro-quinoline, 
C,H,N, and telra-hydTO-quinoline, CbHhN, These, as well as 
the hydrc^en addition-products of pyridine, are believed te> exist 
in the alkaloids. Tetra-hydro-quinoline has been found in the 
crude quinoline obtained by distilling cinchonine with caustic 
soda. • 

Many derivatives of quinoline have been made. Substitution- 
products are obtained by treating nitro-products of substituted 
benzene with glycerin and aniline. 

A sulphonic acid is obtained by treatment of quinoline with 
sulphuric acid. From this, 7iydroxt/-quinoHne, C9H((0H)N, has 
been obtained. Hydroxy-quinoline, likequinoline'i^elf, takes up 
bydrc^en, formingtetra-hydro-hydroi^-quinoUne, C»Hu,.OH,N. 
Finally, by treating this compound with methyl iodide, methyl 
is introduced, and a product obtained which is called hydro- 
•aietkoxy-quinoline : — 

CeH„ON + CH3I = CioHjsNO -|- HI. 

This substance resembles quinine, and its hydrochloric acid 
salt is used in medicine to some extent as a substitute for 
quinine. The salt is known as kairine. 
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CHAPTER XX. 

HTDBOCABBONS CONTAININa TWO BENZENE 
BESIDUES IKDIBECTLY COMBINED. 

DiPHENTi. and naphthalene have been shown to conBist of two 
benzene residues in direct combination. Diptienjl-methane is 
an example of a hydrocarbon consisting of two benzene resi- 
dues in indirect combination, CeHj . CH, ■ CgHj. As diphenyl- 
methane is closely related to toluene, it was considered in 
connection with the hydrocarbons of the benzene series. 
There are some hydrocarbon's which have been shown to 
consist of two benzene residues united by means of resi- 
dues of unsaturate paraffins. The most important of these 
is the well-known anthracene. 

Anthracene, OuHu- — Anthracene is formed under condi- 
tions similar to those which give rise to tbe formation of 
naphthalene, especially by heating oiganic substances to a 
high t«mperat\ire, and is hence found in coal tar. 

It has been made synthetically from benzene derivatives 
by a number of methods : — 

1. By passing benzyl- toluene, CeHg.CHj.CgHi.CHg, oyer 
heat«d lead oxide : — 

CmHi, -1-2 = C,4Hi„ + 2 HjO. 

2. By heating benzyl-phenol with phosphorus pentoxide : — 
2CeH,.CH2.CcH4(OH) = CmH,„ -f- CsHg + CgH,(OH) + H,0. 

8. By heating ortho-brom-benzyl bromide with sodium : — 

2C^A^^^'^ + iNa = CJI^ -1- 4NaBr -|- 2H; 

( Br(o) 
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-C-H'^S "* + *"""■■ + ^ 



Anthracene is prepared in lai'ge qaantitj from those portions 
of coal tar which boil between 340° and 360°. The distillate 
is redistilled, and that which remains in the retort after the 
temperature has reached 350° is crystallized from xylene. It 
ie then crystallized from alcohol, and finally sublimed. It is 
difficult to get it in perfectly pure condition. The color may 
be removed by dissolving the substance in benzene, and expos- 
ing it to direct sunlight. It forms lamiuce, or monoclinic plates, 
which are fluorescent. It melta at 213°, and boils above 360°. 

Anthracene takes up hydrc^en, forming di-hydro-antkracene, 
QtHji, and kexa-kydrv-antkracene, Ci4H|o. It takes up bromine 
and chlorine, forming first addition-products, and then substi- 
tution-products . 

Oxidizing agents convert anthracene into antkra-quitione, 
CuHgO], just aa they convert naphthalene into naphtha- 
quinone. 

The formation of anthracene from ortho-brom-benzyl-brp- 
mide (see above) furnishes strong proof in favor of the view 
that anthracene consists of two groups, CaH,, itnit«d by the 
group CiHj; thus, C«H,.C^,.CgH,. It hence appears as a 
diphenylene' derivative of ethane, CiHa(C(H,)j, aualc^ous to 
diphcnyl- ethane, C2H,(CeHe)g. This conception may also be 
expressed thus : — 

H H 

HC^ ^C-CH-C^ ^CH 

I ! [ 1 I 

H H 

This is the formula commonly accepted for anthracene. It is 

' Fbeoylene = 0,11c 
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in harmonj with a lai^c Dumber of facts, and has been an 
efficient aid in investigatioiis on anthracene and ite derivatiTos. 

Anthraquinone. C»H.oi-C3.<QQ>C,H,J.— Anthra- 
quinone is fonned by direct oxidation of anthracene : — 
C,^„ + O, = C„HA + H^. 

The eimpleet synthesis of anthraquinone that has been ef- 
fected coneietfi in distilling calcium phthalate. It is believed 
that the reaction which takes place is analogoue to that which 
'takeeplacc when the calcium salt of a monobasic acid is distilled. 
As is well known, In the latter case a ketone cont^ing one 
carbonyl group is formed ; and it is believed that the product 
formed in the distillation of calcium phthalate contains two 
carbonyl groups, and that it is a representative of a class of 
bodies which may be called dikeUmee. The subject of diketones 
was briefly discussed under the head of Quinones (which see). 
The equation rcprceenting the fuimaUon of anthraquinone from 
calcium phthalate is here given : — 
r ( iCOO" 



C.H.|l^^>Cai 






= C^<^>CJl4 + 2CaC0,. 



Elxperlmeat 81> nssolve IW commerclfil nnthracene la 50" to 
7G« glacial acetic acid. Add 30b powdered potassium bichromate. 
Boli nntll tbe solution Is dark ^'rcun, and then add water. Antlira- 
quinone Is precipitated. Filter off, wash, di?, and sabltme. 

Anthraquinone forms rhombic crystals. It sublimes in yellow 
needles ; is insoluble in water, but eliglitly soluble in alcohol 
and ether. It is an extremely stable compound, resisting the 
action of alcoholic potash and oxidizing ^ents. Melted with 
solid potassium hydroxide, it yields benzoic acid : — 

C„HbO, + 2 KOH = 2 CtHsO,K ; 

C,H,<^^>CsH, + 2K0H - 2CeH,.COOK. 



' Seducing agents convert it ancceasively info oxanthranol, 
ChHkiOj, antkranol, CnH,i,0, and aiUbracene, CiJi^. These 
changes may be represented thus : — 

C»H*<n^'-'^^^>GJI« + H, = Cyi,< I >C«H, + H,0; 

^'^ CH 

AnlbnmoL 

C^. < SS^*^°* >C»H4 + H, = C,H.< I > CA + H,0. 
^" CH 

When heated with zinc dnat, it yields anthracene. A great 

many derivatives of antbraquinone have been made. Among 
the best known are the hydroxyl derivatives, some of which 
axe much-prized dyes which are manufactured in great quan- 
tities. 

The hydroxyl derivatives of antbraquinone may be made by 
melting either the bromine derivatives or the sulpbonic acids 
with caustic potash. 

Alizarin, > 

Alizarin is the well-known dye which is obtained from madder 
root. The substance found in the root is ruberythric add, a 
glucoside of the formula CjoHjjOu. When this is treated with 
dilute acids or alkalies or ferments, it is decomposed, yielding 
alizarin and a glucose : — 

CaHjjOu = C„HA + CsHuOo + H,0. 

AUiarin, SIncoM. 

It is formed by melting dichlor- or dibrom-anthraquinone or 
antbraquinone-disulpbonic acid with caustic potash : — 

Ci,H«0,(SOsK), + 2 KOH = C„HA(OH), + 2 KjSO,. 
Alizarin is now manufactured &om anthracene on the lai^ scale. 
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and lai^e tracts of land which vere formerly used for culti- 
vating Dtaddcr are now used for other purposes. 

Experiment 82. Dissolve 20c antliraqulnoiie In a small qnan- 
tltj of faming HUlphiiric aciU, heating gradually to 160°. Dissolve ths 
product In a litre of water. Neutralize with Quelj-powdered chalk; 
Alter. Precipitate with a Bolntion of sodium carbonate ; Alter ; and 
Anally evaporah! to dryness. The salt thus obtained Is Impure sodium 
aDthraqulDODe-dlsnlphoDatc. In a silver (or Iron) crucible melt this Tot 
half an hour, ivlth potassium hydroxide, at a temperature not above 
270'. The formation of alizarin, during the melting of the salt with 
caustic potash, is shown by the dartpurplc color of the mass. When 
a little of this Is dissolved In water, it should form a beautiful purple- 
red solution. Continue the melting until the mass acts in this way. 
Dissolve the moss In j' to I' water, and Bcidiiy. Alizarin is thrown 
down in browu amorphous flakes. Filter off, dry, and sublime between 
watch-glasses. 

Alizarin forma red needles, which melt at 289° to 290°. It 
dissolves in alkalies, forming dark piirple-red solutions. When 
heated with zinc dust, it yields anthracene. It was this reaction 
which gave the first clue to the nature of alizarin, and led, soon 
after, to its synthesis. 

Some compounds, isomeric with alizarin, and also derived 
from anthracene, are known. 



CHbO, = [0,4H.O,(OH),]. 



Porpurin, 

Tri-hydroxy-anthra.quinone, ' 
Purpurin is contained in madder root, and is therefore found 
in madder alizarin. It may he made by melting alizarin-sul- 
phonic acid with caustic potash, and also by melting tri-brom- 
anthraquinone with caustic potash. 

Anthrapurpurin, isopurpnrin, CuHjOifOH)], is found in 
artificial alizarin. 



Phenanthrene, C|,H,o, which is isomeric with anthracene, is 
also found in the higher boiling parts of coal tar. The chemical 
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coaduct of this hydrocarbon has led to the conclasion that it 
consists of two benzene residues directly united, as in diphenyl, 
CeHj — CjH, ; and that a further connection between the benzene 
residues is establislied through a gi-oup — CH = CH— , thus 
giving as the expression of the structure the formula 

CgHj — CfHi 

I I . 

CH-CH 
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CHAPTER XXI. 

OLnCOSIDBS, ALKALOIDS, BTO.-OONOLUSION. 

Under the head of the sugars, reference was made (see p. 
17d) to a class of bodies called glucosides, which occur in 
nature in the v^etable kingdom. These bodies break ap 
under the influeoce of dilute acids or ferments into sugar and 
other bodies. Thus, salicin breaks up, according to the equa- 

***•" C«H.(0H)CH,(0C,HuO.)+ H,0 



into dextrose and salicylic alcohol, tfae alcohol corresponding 
to salicylic acid. Some of the more important glucosides are 
mentioned below. 

Aesculin, C^HuOt 4- 1} ECO, occurs in the bark of the 
horae-chestnnt tree (Aesculus Hippocastanum). It breaks up 
into dextrose and aesculetin ; — 

C^^, + H/) = CeHuOe + CgH^,. 

Its water solution shows blue fluorescence. 

Amysdalin, CwHnNOn 4- 3 HiO, occurs particularly in bit- 
ter almonds; also, in the kernels of apples, pears, peaches, 
plums, cherries, etc. With emulsin, which is an aqueous 
extract of almonds, amygdalin is broken up in benzoic alde- 
hyde, hydrocyanic acid, and dextrose : — 

CibHkNOj, + 2 HjO = C,HeO + CNH -|- 2 CJSuO,. 

Tannins. — Under this head are included a large number of 
substances, some of which are glucosides. They all give either 
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a blue or a green color with ferric salts. Thej have a bitter, 
aetringeDt taste ; are precipitated b; eolations of gelatin ; pre- 
cipitate solutions of metals, and absorb oxygen in alkaline 
solution. Thej also unite witb animal membranes, forming 
compounds which resist the putrefactive forces, thus tanning 
them, or converting them into leather. Reference has already 
been made to gallo-tannic acid, which breaks up into gallic acid 
and glucose. 

Helicin, 0,sHi(0, + f H,0, is formed by the oxidation of 
salicin (which see) . It has also been made ai-tiilcially by mix- 
ing an alcoholic solution of acetochlorbydrose with the potassium 
compound of salicylic aldehyde : — 

CJI,C10,(CtHsO)^ + C,H,0,K -1- iCsHjO 
= CisH,^, + KCl -I- iC^n^.C^UjO,. 

Acetochlorhydroae is formed by heating dextrose with an 
excess of acetyl chloride. 
Helicin breaks up into dextrose and salicylic aldehyde. 

Indioan, CaHuNOn, occurs in woad. It yields, among 
othei' products, dextrose and indigo blue : — 

CaPaNOi, + 2 H^ = 3 CbH,„0, + CgH^NO. 

Indlga bine. 

Myronio acid, CioHibNSjOu,, is found in the form of the 
potassium salt in black mustard seed. When treated with 
myrosin, which is contained in the aqueous extract of white 
mustard seed, potassium myronate is converted into dextrose, 
allyl mustard oil, and potassium bisulphate : — 

CjoHaNSaOioK = CgHuO. -f- C,H,.NCS + KHSO^. 

Salicin, GuHnO,, occurs in willow bark, and in the bark and 
leaves of poplars. Its decomposition into salicylic aldehyde 
and dextrose has been referred to (see preceding page) , 
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Saponin, OuHhOu, ib found Id soap root (^Saponaria offid- 
nalia). Its water Bolutioa forms a lather like that formed by 
Boap. Thia property is frequently utilized for the purpose of 
givii^ to " Boda water " the appearance of effervescence. 

Alkaloids. 
The alkaloids are comiraunds occurring in plants, frequently 
constituting those parts of the plants which are most active 
when taken into the animal body. They are hence sometimes 
called the active princij^ of the plants. Many of these siib- 
Btances are used in medicine. As regards their chemical char- 
acter, they are basic in the sense that ammonia is basic ; they 
contain nitrogen, and form salts, just as ammonia does, i.e., by 
direct addition to the acids. These and other facts lead to the 
belief that the alkaloids are related to ammonia — that they are 
Bubstituted ammonias. Recently it has been shown that several 
of the allcaloidB are related to pyridine (see p. 307) and quino- 
line (see p. 343). Only a few of the more important alkaloids 
need be mentioned here. 

Alkaloids of Peruvian Bark. 
Quinine, 0»Hi<N]0, + 3 H,0. — This valuable Bubetance is 
obtained from the onter bark of the Cinchona varieties. When 
oxidized, it yields derivatives of pyridine. In view of the 
interest connected with quinine, the discovery of its relation to 
pyridine and quinoline has led to a lai^e number of investiga- 
tions on the derivatives of these two bases, and it ia probable 
that before long it will be possible to make quinine synthetically 
in the laboratory. 

The salts of quinine are formed by direct addition of the base 
to the acids. Thus, we have 

Quinine hydrochloride . CwHuNjOg . HCl ; 
Quinine ntirate .... C^HmNA ■ HNO, ; 
Quinine sulphate . . . CkHmNA-H^O^, ete., etc 
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Oinchonme, 0i3nN,O, cmohonidine, dgHnNiO, and 
other bases occur with qQinine in Peruvian bark. 

Oocaine, Oi,HaNO„ is found in cocoa leaves (Erythrotxylon 
coca). Very little is known regarding its chemical nature. Its 
hydrochloric acid salt, C,7HaN0,.HCl, has recently come into 
prominence in medicine, owing to the fact that a email quantitj- 
of its solution placed npon the eje causes insensibility to pain. 

Nicotine, CjoHhN,, occurs in tobacco leaves in combination 
with malic acid. Potassium pei-manganate converts it into 
nicotinic acid, which is one of the possible pyridine-n 
bonic adds. 

AlkcUoida of Opium. 
Opinm is the evaporated sap which flows from 
the capsules of the whit« poppy {Fapaver somnifertim), before 
they are ripe. The two principal alkaloids contained in opium 
are morphine and nareotine. 

Morphine, GrHigHOi + H^O, is a crystallizable solid which 
is difficultly soluble in water, alcohol, and ether. When de- 
composed, it yields pyridine, trlmetbyl-amine, and phenantfarene, 
blether with other products. 

Nareotine, CjgHgNO;, has been shown to contain tliree 
methyl groups, which are split off, as methyl chloride, when 
the substance Is heated with hydrochloric acid, 

Piperine, CdHuNOj, is contained in black pepper. When 
treated with alcoholic potash, it breaks up into piperidine and 
piperic acid : — 

CaHaNOg + H^ = C,H„N + CuH,„04. 

PIperldlne, Ftperle add. 

K Google 



856 CONCLUSION. 

Fiperidine, OsHnK, which, as just stated, is formed by the 
decomposition of piperiae, has been made eyntlieticallj by treat- 
ing piperidine with nascent hydr<^en : — 

CJI^N + 6 H = QHuN. 

PrrldlDS, Piperidine. 

It may therefore be called hexa-kydropyridine (see p. 309). 

Strrohnine, OiiHbN,0„ and bnicine, 0bHmN,O* + 4 EtO, 
are two alkaloids which occur in nusc vomica. 



In the animal body occnr a large number of complicated sub- 
stances, the study of which, at this stage, would hardly be 
profitable. Thus, there are the albumins, caseins, and fibrin ; 
the coloring-matters of the blood, oxyham^lobin, hamaglobin, 
etc. It may be said that, notwithstanding the importance of 
these substances, our knowledge of their chemistry is quite 
limited. 

The study of the composition of animal substances, such 
as milk, urine, etc., and of the relations of the chemical sub- 
stances occurring in the body to the processes of life, is the 
object of physiological t^emistry. Without a good knowledge 
of the general chemistry of the compounds of carbon, however, 
the subjects treated under the head of Physiological Chemistry 
cannot be underatood. 
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Paqb 1G5. After ninth line from bottom, insert : — 

We have seen that the sulphonic acids and carbonic acida are 
analogous ; that, for example, metbyl-sulphonic acid, CH3.SO3H, 
is analogous to methyl-carbonic or acetic acid, CHj.COjH, 
Now, just as the hydroxy-acids above considered are derived 
from the carbonic acids by the introduction of hydroxyl, so we 
can imagine a series of hydroxy-acida derived in a similar way 
from the sulphonic acids. Only one such acid is well known, 
and it alone need be considered. It is — 

Isethionio acid, O^Ht < ofvTT' ^^^^ known as hydroxy- 
ethyl-su^honic acid. In composition it is anal<^ns to the 
hydroxy- propionic acids. It is prepared by passing sulphur 
trioxide into well-cooled alcohol or ether. 
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Aeetamide, 196. 



Acetic acid, 57. 
Acetic aldehyde, 46. 
Acetic aabj'dride, 61. 
Acetone, TO. 
Acetopbenone, 306. 
Acetyl chloride, 61. 
Acetylene, £22. 
Acid, Acetic, 57. 

Aconitlc, 221. 

Acrylic, 2ia 

Adipic, 142. 

Alldisptolnlc, 292. 

Amido-acedc, 1S2. 

Amido-benzolc, 289. 

Amido-caproic, IM. 

Amldo-clniiaiiiic, 327. 

Amido-fnnnic, 191. 

Amido-iaethlouic, IM. 

Amldo-soccinic, 195. 

Angelic, 218. 

Anisic. 303. 

Aspartic, 19S. 

Azelaic, 142. 

Barbitniic, 204. 

Bebenk. 13a 

Benioic, 2S3. 

Bnasylk, 142. 

Brom-propionic, 131. 

Butyric, 132. 

Capric,129. 

Caproic, 129. 

Caprylic, las. 



Add, Carbamic, 191. 
Catholic, 269. 
Csibooio, 106. 
Cerotlc, 130. 
ChloT-acetic, 63. 
Cbloc-proplODlc, 131. 
Cimic, 21S. 
Cinnamic, 325. 
Citraconic, 221. 
Citric, 174. 
Croionio, 219. 
Cyan-acetic, 141. 
Cyanic, 83. 
Cyan uric, 84. 
Dihrom^ncctnlc, 172. 
Di^chloi-acetic, 63. 
Erode, 218. 
Ethylene-Iactic 163. 
Ethylidene-lacUc, 161. 
Fermentation lactic, 

38. 
Formic, 54. 
Fulminlc, 102. 
Fomaric. 230. 
Gallic, 304. 
Glyceiic, 166. 
GlycochoUc, 158. 
O^coUc, 198. 
Glyoiylic, 170. 
Heptoic, 129. 
Hippnric, 291. 
HydTscrylic, 162. 
Hydro^cinnamlc, 293. 
Hydrocyanic, 80. 
Hydrmorlilc, 218. 
Hydro^'^BCcinic, 167, 



Acid, Hyenic, 13a 
Hypogwic, 218. 
l8ethlon<c, 3ST. 
bobntyrlc, 133. 
Isophtliallc 296. 
Isoauccinlc, 14S, 
Itaconic, 221. 
Lactic, 160. 
Lanric, 130. 
Letnoleic, 227. 
Male'ic, 220. 



Margaric, 130. 
Helissic, 130. 
MeUiHe, 297. 
Mesaconic, 221. 
McBltylcnlc, 293. 
Hesoialic, 170. 
Mocic, 176. 
MyriBtic, 130. 
Naphthoic, 341. 
Nitro-benzoic, 288. 
Nitro-cinnamic, 327. 
Nitro - phenyl - propio- 

lic328. 
Nonoic, 129. 
Octoic, 129. 
Oleic, 219. 
OxaUc, 142. 
Oialurtc, 204. 
Oiy benzoic, 302. 
Pabnltlc, 134. 
Paiabanic, 203. 
Fara-ozybenxoic, 
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Add, PelargoDlc, 129. 
Phonyl-acetie, 292. 

Phenjl-proplolio, ^8. 

Phthallc, 2!«. 

Picric. 273. 

Pimelic, 142. 

Piperic, a6B. 

Froplollc, 226. 

Propionic, 131. 

Protocatechnlc, 303. 

PrnaBlc, 80. 

PjrogjOlic, 277. 

J^rotanaric, 142, UT. 

Racemic, 1T2. 

Boccellic, 142. 

Saccharic, 176. 

Salicylic, 29a 

SarcolacUc, 181. 

Sebaclc, 142. 

Sorbic, 226. 

Stearic, 13*. 

Stypbnic, 2T6. 

Suberic, 142. 

Succinic, 142, 144. 

SulphOH^yanlc, 84. 

Tannic, 304. 

Tartaric, ITl. 

Tarijonlc, 167. 

TBUiocholk!, IM. 

Teracrjlic, 218. 

Terephthallc, 296. 

Tetrolic, 226. 

Tolnic, 292, 

Tri^arballyllc, 152. 

Tcl-cblor-acetio, 63. 

TrlDieafdc, 246. 

Uric, 2(8. 

U-ritic, 246. 

YaaiUlc, 304. 

Valeric, 133. 
Acoultic acid, 221. 
Accole'JD, 216. 
Acr;llc acid, 218. 

aldaliTde, 21&. 
Adlpic acid, 142. 
Aesculln, 3B2. 



Alcohols, 34. 

IH-acid, 136. 

Hei-acid, 1B3. 

Primar;, 122. 

Secondary, 121. 

Tertiary, 124. 

Tetr-Bcic), 102. 

Tri-acld, 147. 
Aldebyde ammonia, 48. 
AldeliydBS, 46, 128. 
Alizarin, 349. 
\lkaloida.3H. 
AHantoiD, 20B. 
Alloxan, 209. 
Allyl alcohol, 214. 

lioaalpbo-cyBDat«,21G . 

mustard oil, 21S. 

sulphide, 216- 
Atpha-tolnlc acid, 292. 
Amido-acetic add, 192 
Ami do-acids, 190. 

a 1 do-benzene, 260, 
Amldo-benzolc adds, 2S9. 
Amldo-ciDDamlc acids, 

■■BT. 
Amldo-formtc add, 191. 
Amldo-toluenea, 261. 
AmygdallD, 3a2. 
Amyl alcohols, 126. 
Amyleoe, 211. 
Angelic acid, 218. 
Aniline, 260. 

dyes, »1S. 
Anisic acid, 303. 
Antbraceue, 346. 
Antbranillc add, 289. 
Anthr^nrpurin. 360. 
Antbraquinone, 318. . 
Anthraquiui 

adds, 349. 
Arachidic add, 130 
Areenlc-methyl con 
poDuds, 104. 
Asparagine, I9S. 
Aspartic acid, 19(1. 
AielBio add, Iti. 



Barbitnric acid, 201. 
Behenic acid. 130. 
Beozal chloride, 266. 
Beozaldehyde, 281. 
Benzene, 231. 

Dinltro, 2B9. 

Heia-chlor, 293. 

hexacbloride, 264. 
Benzene-Bolphonlc acid, 

266, 
BenziDe, 110. 
Benzoic acid, 283. 

Amido-, 289. 

Hydroxy-, 298. 

■Idebyde, 2SI. 
Benzophenone, 306. 
Benzoyl chloride, 287. 
Benzyl alcohol, 279. 

cyanide, 287. 
Bibrom-bennne, 264. 
Bitter-almond oil, 281 . 

Boiling-point, 8. 
Borneo camphoF, 311. 
Bomeol, 311. 
Braasyltc acid, 1^ 
Brom-etluuie, 29. 



Brom-proplonic acid, 131. 
Brqclne, 366. 

BuUne, 20, 106, 114. 
Butter, lei. 
Butyl aioohola, 123. 
Butylene, 211. 
Butyric add, 132. 



Cacodyl, 103. 

compounds, 104, 
CBSeuie,aoe. 
Cami^ior, 311. 

Arilfldal, 311. 
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C»prlc acid, 129. 
Caprolc add, 139. 
Capr7Uc Mid, ISfi. 
Caramel, 183. 
Carbamlo add, 191. 
Carbamide, 200. 
Csrbamiaea, 8S. 
Carbohydrates, ITT. 
Carbolic add, 2e9. 
Casern, 366. 
CeUuloae. 1S6. 
Cerotic acid, 130. 
CliloT-aceCic add, 03. 
CUoral. 03. 

hydrate, G3. 
Chloi-ethaae, 29. 
ChJorhydrin, 149- 
Clilor-methaDe, 27. 
Chloroform, 28. 
Clilor-propioDic add, 131. 
Gholic acid, 1». 
Cimicic acid, 2ia 
Clnchonidine, 35H. 
ClDchonlne, 35G. 
Cinnamic acid, 33B. 

Amido-, ^. 

Nitro-, 327. 
Citric acid, 174. 
Coal tar, 230. 
Coc^De, 306. 
ColUdiue, 307. 
Coamarin, 327. 
Creatine. 199. 
Creatinine, 200. 
CresoU, 2T1. 
CrotoDic add, 219. 
Cnminic aldehyde, 283. 
Gnminol, 283. 
Cuminyl alcoliol, 281. 
CyaD-acedc add, 141. 
Cyao-amldea, 199. 
CyanatM, 90. 
Cyanic add, S3. 
Cyanides , 86. 
Cyanogen, 79. . 

chlorldea, 83. 



Cyanuric add, U. 
Cymene, 2B0. 
Cytnogeae, 110. 



Deitrin, 189. 
Dextrose, 177. 
Di-acetuuide, 197. 
Diazo-benzene com- 
pounds, ssa. 
Eh-chlor-aceCic acid, 63. 
Dtclllothydrin, 149. 
Di-cyan-diamlde, 199. 
Di-metbyl-amloe, 9C. 
Di-methyl-benzene, 241. 
~ i.methyl-carliinol, 127. 
Di-metbyl-etbyl-methane; 

Ui-methyl-ketone, 70. 
Di-methy l-phospblne ,103. 
Di-metbyl -xanthine, 206, 
Dinitro-benzene, 2S9. 
Dioxindol, 331. 
Dlphenyl, 333. 
Di-phenyi-metliaue, 313. 
Diphenyl ether, 271. 
Dipropargyl, 227. 
Dodecane. 108. 
Dnlcite, 1B4. 
Eturene, 231. 
Dynamite, 161. 



Erucic acid, 218. 
Erfthrite, 1S2. 
Ethane, 20, 24. 
Etbec, 42. 
Ethereal salts, 6S. 
Ethers, Formation of, 41. 
Ethers, Compound, 66. 

Mixed, 4S. 
Ethyl acetate, 68. 

alcohol, 37. 

aldehyda, 46. 



Ethyl bromide, 29. 

carbamina, 88. 

carblnol, 12T. 

cliloTlde, 39. 

cyanide. 86. 
Ethylene, 211. 

cbloiide, 33. 

cyanide, 14S. 

glycol, 138. 

lactic acid, 161. 
Ethyl ether, 42. 
Ethylidene chloride, 32, 

Ethyl iodide, 29. 
iBOcyanido, 88. ■ 
isoBuIphocyanate, 62. 
meicaptan, 74. 
methyl ether, 4B. 
mustard oil, 92. 

phoHphate. 68. 
phosphoric add, 6S. 
sulphate, 68. 
sulphuric add, 42, 68. 

P. 
Fats, 161. 
fatty adds, 129. 
Fehllng's solution, ISO. 
Fermentation, 38. 
Alcoholic. 38. 
Lactic acid, 38. 
Ferments, 38. 
Ferricyanogen com- 
pounds, 82. 
Ferrocyanogen com- 

ponnda, 81. 
Flashing- point. 110. 
Fluoresce in, 321. 
Formic acid, 64. 
aldehyde, 46. 
Formula, uonsUtndonal, 

16. 
Formnla, Determinktloii 

ol, 12. 
Fruit sugar, 181. 



FnlmlDatM, 102. 
Pnlmlnlc acid, 102. 
Fnmulc add, 22IX 



Oalllo idd, SOL 
QwoUne, 110. 
GlacoM, 177. 
Glncosidei, 303. 
Glyoerio acid, 1S6. 
Glycerin, 147. 
Glycine, 168, 192. 
GlrooctaoUe w^, 15S. 
Glyoocoll, 192. 
GlycoUc acid, IBS. 
GItcoIs, 136. 
01}i)i;llc acid, ITa 
Grape aag^, 1T7. 
Onanldlne, 199. 
Ooanioe, 206. 
Oam£, 189. 
Gon cotton, 186. 



Hecdecane, 108. 
HellciD, 36S. 
Heptaoes, 106. 
Heptyl alcohols, 12N. 
Heptolc acid, 129. 
HexancB, 2D, 106, 116. 
Hexyl alcohols, 128. 
Hezylene, 211. 
Hippujtc add, 291. 
Homolog;, 20, 108. 
BTdracTyllc acid, 162. 
HjdraziiiM, 99. 
HTdro-carbostyril , 2tM. 
Hydro-clnnamic acid ,233. 
Hrdrocyanlc acid, 80. 
Hydroqulnone, 216. 
Hydroaorbic acid, 218. 
Hydtoxy latty aidds, USB. 
Hydroxy BDodnlo adds, 
167. 



Indigo-white, 331. 
Inversion, 183. 
Invert sngar, 183. 
lodo-ethane, 29. 
lodo-netliane, 37. 
lodotonu, 38. 
batlne, 289. 
IsetMonio acid, 3I!7. 
iBObntaoe, 111. 
Isobutyt alcohol, 121. 
Isobntyrio acid, 133. 
Isocyanatea, 90. 
Isocyanides, 88. 
Isobei 
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leomerlem, 31. 

Physical, 163. 
IsonltroBo compounds, 

101. 
Isopentane, 116. 
Isopbtbalic Bcld, 296. 
IsopTopyl alcohol, 120. 
Isopnrpurin, 300. 
laOBUcclnlc acid, 146. 
Iso-aulpho-cyantes, 91. 
Itaconic acid, 221. 



Lactic adds, 160. 
lactose, 184. 
Laurie acid, 130. 
Laurinol, 311. 
Lenuine, 194. 
Levnlose, 181. 
Lntidlne, 307. 



Halonic acid, 142, 141. 
Malonyl urea, 3M. 
Mallose, IBS. 
Uannile, 1S3. 
Hai^aric acid, 130. 
Harsh gas, 20, 23. 
Heliesic acid, 130. 
Mellitic acid, 29T. 
MeltlDg-polDts, 8. 
Herc«pt«iiH, 74. 
Hercury ethyl, 100. 

Mmlnate, 102, 
Mesaconic acid, 2H. 
Mesitylene, 246. 
Mraltylenlc acid, 293. 
MesoxaUc acid, 170. 
Metaldehyde, 49. 
Hatamerlam, 31. 
Uethaoe, 20, 33. 
Methyl alcobot, 34. 

aldehyde, 46. 

amine, 94. 

bromide, 27. 

chloride, 27. 

cyanide, 86. 

iodide, 27. 
Methyl.phenyl ether, 271. 
Methyl-pboaphine, 103. 
Hethyl-pliOBplilnic add, 

103., 
Hetbyl-salphuric add, 68. 
Meti^lene Iodide, 27. 
Milk sogat, 184. 
Morphine, 36». 
Muclc add, 176. 
Mustard-oils, 91. 
Hyronic Mid, 353. 
MyrodA, 3C3: 
N. 
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NBpl>tliob,311. 
NmpbtbaqaiDoiie, 3^ 
Nftrcotine, 3». 

NicoUne, 309, 3BS, 
NitrUea, ST. 
Mitro-benze ne. 258. 
NitFO-benzolc acids, 388. 
Nitro-ceUiHoBe, 186. 
SitrcK*lortifonn, 101. 
NitTO-dnnamic acids, 

337. 
Nltroform, 101. 
Nitrogen, Estimatloli, 11. 
mtro-gljcerin, 101, 
Kitnvmethane, 100. 
NiCrotKMXimpoiiiidB, 101. 
Nitra-tolnanes, 269. 
Noiuuie, 108. 



Octane. lOB. 
Octylalcolid, 128. 
Oils, Drjtiig, 3SH. 
Oleflant gas, 211. 
Oleic add, 219. 
OleiD, 101. 



Oplui 



s, SOS. 



Orcem, 2TT. 
Orcfn, 877. 
Oxalates, IM. 
Oialio acid, 112. 

Oxaluric acid, 201. 

Oxmdol, 203. 
Oxybeozolc acid, 303, 



Palmitic add, 131. 
Palmltln, l&l. 
Paper, 187. 
Parabanic add, 3)3. 
Para-cyanogen, 80. 
Paraffin, 110. 
Patafflne. 108. 
Paraldeli7de, 49. 



Pan - orybeQioIo acid, 



302. 
Pentanes, 20, 103, 116. 
Pentyl alcohols, 12S. 
Petroleum, 109. 
Phenanthrene, 300. 
Pheool, 369. 

NltM, 272. 

pbthalem, 318. 

TrMiItTO, 272. 
Pbenyl acetate, 271. 
Phenjlacetlc acid, 202. 
Phen;l-scet;lene, 328. 
Plienyl4lcryUc acid, 328. 
Phenyl-amine, 260. 
Phenyl-etbyl alcohol, 281. 
Pbenyl-mercaptan, 273. 
Phenyl-piopjl alcohol, 

381. 
Phosphinee, 103. 
Phtbaleins, 318. 
Pbthallc acid, 291. 

anhydride, 29B. 
ncolJne, 307. 
Picric add. 272. 
Plmellc acid, 143. 
Hperic acid, 309. 
Piperldlne, 309, 3G6. 
Eiperlne, 355. 
Polymerism, 31. 
Primary alcohols, 123. 
Propane. 20. 
Propargyl alcohol, 33B. 
Propionic acid, 130. 
Propyl alcohol, 130. 
Propylene, 211. 
Ptotocatechaic acid, 303. 
Prussic acid, SO. 
PHeudocamene, 219. 
Pucparln, 360. 
Pyridine, 307. 
Pyrocal«chia, 270- 
Pyrogallic add, 27T. 



Pyi^nylln, 133. 

Qoerdte, 102. 
QoiDlne, 351. 
QuinoUne, 343. 
Qnlnotie,306. 



Bocemlc acid, 173. 
Reaorcln, 270. 
Besorcln-pbthaleiD, 3! 
Rhigoleoe, 110. 
Beccellic add, 142. 
Kosanlline, 31T. 



Saccharic add, 176. 

SalicyUc acid, 298. 
SallcyUc aldehyde, 300. 
Sallcylld, 302. 
Saponification, 69. 
Saponin, 304. 
Sarcosine, 193. 
Sebaclc add, 112. 
Secondary alcohols, 121. 
Soaps, 130. 
Sod lam ethyl, lOt. 
Sorblc add, 226. 
Starch, 187. 
Stearic add, 131. 
Stearin, 161. 
Strychnine, 306. 
Stjphorio acid, 276. 
Styrene, 333. 
Styryl alcohol, 324. 
Saberic acid, 112. 
Substitution, 26. 
Sucdnlc add, 112, 114. 

anhydride, 116. 
Sugar of milk, 161. 
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Bolphocyanic acid, 84. 
Bolpho-cyuiatea, Ot. 
BulpbODic acida, T6. 
Sulpbo otM, 201. 
Salpbur ethers, TE. 



laimlc Mid, 301. 
TtutDlD, 304, 352. 
Tartaric acid. 111. 
Tantooic acid, 167. 
Taurine, 191 
Taarocholic acid, ID*. 
Terebeathene, 310 
Terephthalic acid, 296 
Terpenes, 309. 
Tertiary alcohols, 124. 
Tettlary but;! alcohol, 
124. 



Tbymol, 2Tt. 
Tolu baluuo, 210. 
Toluene, tHO. 
Amido, Sfil. 

Nttro, 253. 
Toluio acids, 292. 
TotulditKV, 261. 
Toljrl carblnol, 281. 
Trl-acetamlda, 191. 
Trl-btom-phenol, 2T2. 
Tri-carballfUo acid, 1JJ2. 
Trl-cblor-»c«iic acid, 63. 
Trlchlorbydtln, U9. 
Trimegitlc acid, 246 
Trl-meth;l-amliie, 96. 
Tri-melliyl-carbinol, 127, 
Tri-methyl-phosphiiie, 

103. 
Tri-metliyl-iaiiUiiiie, 206. 
Tri-nltro-methane, 104. 
, Tri.nitro-pbenol. 2T2. 
Tii-nllro-resorcln, 276. 
Tri-phenyl-m Ethane, 314. 
Turpeutine, 310. 



UnsatniatAd compoondl, 

206. 
Crea, 300. 
Uric acid, 20S. 
Uvltio acid, 246. 



Valeric acids, 133. 
Valylene, 227. 
Vanillic acid, ;!04. 
VanilliD, 301. 

W. 
Wood spirits, 34. 



Xanthine, 205. 
Xantbogenlc acid, 1 
Xylenes, 241. 
Xylidlnes. 2R2. 
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Guides for Science-Teaching. 

Published nnder Ihe auspices of (he Boatan Society of Natural 
HIstorj-. 

Intended for the use of teachers wlio desire lo practically instruct 
their classes in Natural History, and designed to supply such in^H*- 
mation as they need in teaching and are not liitely to get from any 
other source. In addition to many simple illustrations, and instruc- 
tion in modes of presentation and study, there are, in each pamphlet, 
hints which will be found useful in purchasing, or collecting, pre- 
serving, and preparing specimens. 

Katnral Speoimena to Ulnstrate Nob. 1, m., IV., V., and 
VL, con bo fnmiahed by oa at jeaaoaable prices whenever 
tlie demand shall jiutlfy It. 

These Guides were prepared solely as aids to teachers, — not as 
text-books. The plan of teaching followed throughout b based 
upon the assumption that, — 

Seeing is the first step on the road to knowledge ; that, — 

How much //^ child learns in his early years is of little impor- 
tance. — HOW he Uarns, everything ; that, — 

The teacher's -work is not to leach lite facts, but to lead the mind 
of each pupil lo work out for itself the simple physical Problenu 
wilnessed or described, and to cultivate the habit of obsirvatiOH and 
of perseverance in investigation. 

go. I. Aboui Pebbles. 



Mas 

Mailing Price, lo cents. 

This pamphlet is an illustration of the way in whi:h a common 
object may be used profitably in teaching. The pan.phlet contains 
all the suggestions necessary to enable any teacher to make the 
lesson, or lessons, a complete success. 
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GINN, HEATH, *• CO.' J PUBLICATIONS. 

Ho. H. Goncerning a Fm Common Plants. 



This is complete in two parts (which arc bound together), and 
gives an account of the organs or "helpful parts "of plants, and 
shows how these can be cultivated and used in the school-room for 
the mental training of children. The appliances recommended are 
of the most trifling cost. Even simple lenses are not absolutely 
required for any of the studies suggested. 



Ho. in. Commercial and Ofker Sponges. 



This gives an account of the Sponges in common use, and of 
their structure, etc. The skeletons are present to the eye every 

day, and even the dullest scholar will undertake with interest to 
find out their difTerenl qualilics. their common names, where they 
come from, and how they are formed. This little manual amply 
illustrates their processes of growth, and the methods of obtaining 
them and preparing them for the trade. 



Ho. IV. A First Lesson in Natural History. 



Gives, in narrative form, for very young children, a general his- 
tory of hydroids, corals, and echinoderms. Written under direction 
of Prof. Louis Agassii. 

Scientiticallv accurate and dear, it is as simple and fascinating 
as a wonder sto. y. No fairies could more completely win the interest 
of children than do sea-anemones, corals, jelly-fishes, star-fishes, and 
aea-un-Jiins, as descrii^d and depicted in this little book. 
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So. Y. Common HydroJds, Corals, and Eckinoderms. 



It begins with an account of the fresh-water hydroids, and shows 
throughout how the studies, or observations, are to be most satis- 
foctorily made. The illustrations are remarkably clear and sugges- 
tive ; but, to leach the pupil the value of persona] observation and a 
correct habit of study, nothing can take the place of specimens. It 
is desirable that those who are to use this Guide shall be able to 
refer to No. IV. of this series, which is frequently quoted. 

Ho. TI. Mollasca. Oyster. Clam, and Other Common Mollusks. 

BjAlpheus Hyatt, niuitratid viilk ij platn containing S3 figtrct. 

l6nio. Paper. 65 pages. Mailing Price, 25 cents. 

Apart from its usefulness as holding in compact form all that 
need be taught beginners about the oyster, clam, and other common 
mollusks, this book is invaluable as illustrating in detail the natural 
method of teaching. From first to last, the pupil is a discoverer ; the 
teacher is simply the guide, — the pupil is self-taught. The author 
condescends 10 the simplest things, and tells in the plainest way 
just how to lead the class to make, in proper order, the necessary 
investigations and discoveries. The most inexperienced will b* 
able, with this manual, to give these lessons with success. 

Bo. Vn. Viorms and Crustacea. . 



The space given to the description of the lobster (and fresh watei 
crayfish) will, it is hoped, incite teachers to occupy more time \o 
dealing with some one common animal, and thus cultivating the 
habit of close observation. The specimens needed for the lessons 
opon worms are the common earth-worms and the Neresis. in 
these lessons, as in the preceding, the children are to be discoverers, 
npt mere learners, — they are to be taught by experience the value 
and the pleasure of direct peisonal observation. 
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Jo; Zn. Common Minerals and Rofks. 

By W. O. Crosby, Instructor in Geology in the Massachnsetts Institnte 
or Tecboology. i6mo. 130 pages. Paper. Mailing Price, 35 cents. 

Thb includes, first, a brief and simple account of the principal 
geological agencies ; second, descriptions of about twenty minerals 
of which rocks are chiefly composed, and of all the more common and 
important varieties of rocks ; and, third, an explanation of the leading 
kinds of structure occurring in rocks, such as stratilication, folds, 
foults, joints, etc. 

Especial prominence is given to the easy identification of the com- 
mon minerals and rocks, and to the constant association, in the mind, 
of the rocks and rock-structures with the agencies by which they have 
been formed. 

Complete sets of the specimens of minerals and rocks referred to 
in the Guide, and enumerated in the Appendix, have been prepared 
by the author. Printed numbers, corresponding to those in the list, 
are attached to the specimens. Price per set, $2.00. No charge 
for packing. Collections of one hundred specimens, somewhat 
larger in siue, and all properly labelled, $5.00. 

All orders for specimens should be addressed to W. O. Crosby, 
Boston Society of Natural History, Corner of Berkeley and Boyhton 
Streets, Boston, Mass. 

of Chalk." We deem if embodying the 
most advanced ideas of how Natural 
Hislory oughl to be and can be taught, 
which has lonj; tieen a vexatious prob- 

The Brentoer Post. Pf. Y. : They 



taught si 



dbe a 






3 tli=ir your 

the advantage of such iraining should 
send fat these primers, study them 
thoroughly, and follow the directions 



and the exeelleni work ihal Proli 
Goodale. Hyail,and otheis ate ■ 
With them In Boston. 

Science News, A'. Y. .- No. 
4nile as admirable in its wxy as 
Huxley's bmous lecture " On k 



of d 

every attempt 10 teach scientific truth. 
Properly used, they will work a revohi- 
lion In any school in which an almos- 
phere of dulness ptevaili. 
Canada School Journal : The 



i plac. 



I the 



caching. The. 
who deserve (he name the best potsib 
I tefereDce-booki on objecl-lesMiDa. 



D,gn,-.rihyGOO^Ie 



First Boob of Geology. 



By N. S. Shaler, Professor of Paleontology, Harvard University. 2y> 
pages, with 55 pages of instructions (o teachers, and 130 figures in the 
text. Mailing Price, f I. lO; Introduction, flJDO. 

The design of this first book in geology is to g^ve the student 
of from ten to fifteen years of age a few clear, well-selected facts that 
may serve as a key to the knowledge of the earth. The number of 
fects dealt with is tar less than is usually given in such books, but 
pains is taken in their presentation to make them open the way to 
the broadest veins that the science afibrds. The effort is made to 
illustrate the principles of geologj' by reference to as many facts of 
femiliar experience as possible. The first part of the book treats of 
the simpler phenomena of a physical sort, the movements of the 
water and the air, and their effect on the machinery of the earth's 
surface, then the simpler underground actions are taken up, such 
as the formation of veins, the folding of mountains, and the forces 
that lead to earthquakes and volcanoes. 

The latter half of the book is given to the history in outline of 
the earth's organic life. This is treated in a very general way, so as 
to show the student only the great steps of advance, and the method 
in which they are accomplished. 

In an appendix, to be used only when desired, is a brief account 
of certain more important mineral species, so arranged as to give 
the smdent an outline of mineralogy and some little idea of the com- 
mon uses of.minerals. 

The Teacher's Edition contains fifty-five pages of directions for 
those who use the book in class instruction. First there are some 
general directions for the guidance of teachers in their work in giving 
lessons on natural history, then each chapter of the book is taken 
up in turn, and the instructor is told how to supplement the lessons 
by reference to fects that may be easily accessible in the nature 
about the school. 

The Teacher's Edition will be found interesting by those who de- 
sire to get a glance at geology, and a general notion of its bearings 
on ordinary life. It is believed that these instructions will open a 
new field for the better use of the text-book in teaching geology. 
The instructor who will make proper use of these pages will find it 
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possible to enliven tbe printed page with many an illustiation that 
will be of value to his students. 

Thb book is to be followed by the Tett-Book of Geolc^, now 
in preparation, which is designed to cover about the same ground 
as the larger modem works of tbb nature, but with a different ar- 
rangement of matter, the design being to make it less of a cyclo- 
paedia than these works generally are, and to give, if possible, a 
more complete statement of the principles on which tbe science 
rests. This book will be prepared for the use of college students as 
the first woric is for the lower schools. 



Elements of Physics. 



A Text-book for High Schools and Academies. By Alfied P. Gage, 
A.M., Instructur in Physics in the English High School, Boston, iznio. 
4^4 pages. Mailing }^lce,'tl.25i latraduccioo, {1.12; Allowance foe 
old book, 40 cts. 

This treatise is based upon the doctrine of the conservalion of 
energy, which is made prominent throughout the work. But the 
leading feature of the book — one that distinguishes it from all 
others — is, that it is strictly experiment-teaching in its method; 
i.e., it leads the pupil to " read Nature in the langu^e of experi- 
ment." So far as practicable, the following plan b adopted: The 
pupil is expected to accept as fact only that which he has seen or 
learned by personal investigation. He himself performs the larger 
portion of the experiments with simple and inexpensive apparatus, 
such as, in a majority of cases, is in his power to construct with the 
aid of directions given in the book. The experiments given are 
rather of the nature of questions than of illustrations, and precede 
the statements of principles and laws. Definitions and laws are not 
given until the pupil has acquired a knowledge of his subject suffi- 
cient to enable him to construct them for himself. The aim of the 
book is to lead the pupil to observe and to think. 

Th4 following -well-known professors of Physics read the work in 
ript or proof, or both, and have largely contributed to 
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Pira. That hii idiemc Is 9. good 



conTeycd.. 

Tliird. That the book is un 
nion^y free from cTrors. 

Tbc bat. two slolemeati are 0: 
effect produced upon me before I had 
done anylbing in ihe way of correc 
that is, Ihey embody my fiisl noli 
Mr. Gage's work liefbR: I knet 
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with a knowledge that more preten- 
tious lexl-booka than Mr. Gage's coo- 
tain numerous etron which be has 
avoided. 

Ch&rlea K. Wead, Praf, efPhys- 
ics in tht Univ. 0/ MicAigoH.- I have 
been very mucb pleased with the plan 
and spirit of Gage's Physics. While 
it has much that is original in method 
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things for the student's capacity. The 
book is nol overloaded with facts (o be 
memorized, but (he principles are de- 
duced from a moderate number of ei- 
periments that are in the main judi- 
ciously chosen. Not only Is the plan 
good, but its execution is good, and 
Ihe statement of facts unusually ac- 
curate and clear. I believe the book 
to have such exceptional merit that I 
shall takepti 



.of a, 



1 sympathy » 



lier who i 



Ing may confidently be expected that 
are rarely, if ever, attained by the teach> 
iug of f^ysics in our liigh schools. 
{Jufy a?, laaa,) 

T. O. Hendenliall, Pro/, of Pkyt- 
ia in Oiio Statt Univ., Columbus: I 
have examined Cage's Elementary 
Physics with some care, and I ioolc 
upon the work as a decided advance 
in that direction. I think it superior 
(0 any elementary text-book hitherto 
published in this coimtry with wiiich 1 
am acquainted. It will be used during 
the coming year in Ihe preparatory 
department of the University. 
{Jan. 1, 18B3.) 

A. H. Dolboar, Prof, of Physia at 
T^fls Coll., Mail.; I have examined 
somewhat carefully a large part of 
Gage's Text-book of Physics, and am 
satisfied that it is made in contbrmily 
with the most approved principles of 
science leaching, and Ibat in Ihe ar- 
tangemenl of subjects Some important 
improvements have been inti-oduced 
that are not lo be found in any text- 
book on Physics with which I am ac- 
quainted, it is jusi as imporlanl that 
the scholar should do experimental 
work in Physics, in order to properly 
comprehend the subject, as il is that 
he should himself work out example* 
in arilhmetic, if he is to understand 
arithmetic, or write compositions, if 

portant that Ihe diKtrine of the con- 
servation of energy, which underlies 
all physical science, should Iw made 
prominent, and that subjects should 
be so treated as to thrust that upon 
the attention as frequently as possible. 
In these paiiiculars this book SI 
others, and I shall be glad ti 
adopted. 
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71U foUowing art a feiD of tiu many favor al>UopiM>iu,pven in our 
Special Circular, of the generai character and spirit of this ■work 
thai have been expressed by professors and leaches of Physics, 
Olid other distinguished educators : — 



M. Ljrfoitl, />«■/. of PkyHej. Coliy 
V-iV.. WatcrvdU. Ml. : 1 am happy 
to say il appean lo me betler adapted 
to IhE purpose for which it Is designed 
than any olhei woili I have yel secD. 
iFtb. ao. 1883.) 

W, O. Strong, Ttachtr i>/Nal. Sci.. 
Ktufi Hill, Me. : I regard (he work as 
a great advance in lexr-baoks of the 
kind. The cbapteis on eleclricit)' 



n the c 



and. 



Indeed, the only modem prestfniation 
«f (he subjects thai I have found in 
*ny (ext-book fairly intelligible to i)ie 
average s(udent of out academies and 
bigh schools. The book has twen 
jidopled tor use here with marked in- 
crease of inleres( on the part of my 
classes. {MarcA j, 1S84.) 

Ohaa. Ptoh, PHn. Bnnswici High 
School, Ml. : 1 have used Gage's Hiys- 
ics ever since lis publication, and have 
not yet seen any book for which I 
would consent lo exchange it. 
t.Ftb. a, 1B84.) 



study In a way t 
■aging. {Marii i: 



appeared, and 1 } 
ate published in ih 
ilHareh 3, 1664^ 



take hold of 



O. F. Bmeraon, Prof, of Pkysia, 
DartmiaUk Coll., N.H. : ! have used 
il wiih the junior class for the short 
course in the first term, and I am 
pleased with the book ; il lakes up the 
■ubject on the right plan, and preseiils 
it in a clear, yet scientific way. 
{.Jan. IS. 1883.) 

M. B. O&lneB, Prin. nf KimbaU 
Union Acad.. Mtridtn, N.N. : With 
classes of sufhcienl maturity and menial 
discipline there can be oo question 
about the use of Gage's Physics. 
{March 1, 1884.) 
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a large 

hints afforded by Ihe book, and have 
been much pleased with the interest 
aroused in (be subject. From my 
piesenl judgment, I am inclii 
ilat Ihehead of high-school 1 
on ila topic. (.4/iFf 8, 18S3.) 

B. B. Fovera, recent Prin. af 
High School, Nashua, N.H. .■ I koow 
of nothing equal lo Gage; and if it is 
well taught, every boy will catch enough 
of enthusiasm to transform his mother's 
kilcben and dining-room into a phys- 
ical laboialory. (Match 33, 1883.) 

Edward Conant, Prin. 0/ Nor. 
ma! School, yoknton, W. .- It is one of 
the books that I keep constantly within 
reach because of it; 
both matter and method. 
{March S, 1884.) 
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